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b " I.  INTRODYCTION ~

Studies of cognitive development have, for the most part, been concerned

*

w1th the learning and understanding of external phendmena, with children's ideas //1

.

14
\

and ways of thinking about events that are directly observable. There have been

.

comparatively few studies of children's concepts of internal processes, mental oy

physical. Fewer still have been concerned with concepts of the functioning of

»
L

~

. [l
internal body systems, ¢

\ - :
Since internsl body processes cannot be direg&ly observed, children's ideas

about the‘functioning of internal body systems may reveal different batterns of
' ‘
cognitive functioning than do their ideas about observable events. In addition,
[ 4
ﬂheworkingsof the body frequently arouse. anxiety. As a result, affective elements

v

are more-likely to influence this realm of conceptual functioning and to generate

v
~

a less purely rational mode of thinking. Thus, ideas about how. the body functions

constitute a promising arena. for the study of cognitive-affective interaction.

N

»

The study constitutes the first phase of & projected research program aimed
at examining children's ideas about body functioning. It focuses on concepts of

digestion, elimination of waste and assim#&ation of food held by children of

different ages as expressed both verbally and graphically, and exp]oreé'possible
cues to the influence of affect on these concepts. ] '

We selected the dioestive system asbthe internal body system for study

because: i

(1) Food ang’thé intake and outgo pProcesses associated with it are a
signifficant part of everyone's experience from the earliest days
of life.

P .

(2) what is ingested and egested is concrete and perceptible.

(3) There are many intra-body sensory experiences connected with food
(chewing, eating, drinking, vomiting, as well as interndl sensations

*  of hunger, thirst, urge c¢o eliminate waste, gas, and' sensath re-
‘sulting from malfunctioning of the system) . .

(4) Some of the effects of eating can be perceived. Thus, children are




h Y

more aware of the processes-associated with eating and exereting
v than they are of breathlng, thinking, the circulation of blood, or
any activities agsociated with ovher body sy stems.

- -

We would expect concépts of the digestive syétem to be especially influenced

;bg feelings eecause eating ang elimination are so tied in with the child's feeligbs
of being loved aed wanted, as well as deprivedi and, with the onset of tcilet train-
ing, of controlling agq being controlled. That these do not disappear entireiy with
education end age 1is aeéeifed to by the misconceptions and surprising ignorance that

. pervade so many people's thinking_aﬁout the functioning of the body. As Lewis
£l P

A ]

Thomas, a distinguished medica. esearcher, currently chahcellor of the Sloan-
Kettering Institute for Cancer Research remarked, "Some of my most highly edncated
and intelligent non-medical.ériends...have the most bizarre ideas" of the way in

which the human body functions (Bernstein, 1978). It is the bizarre quality of

-

this r~alm of thought, as well as the degree qflignorance anq confusion that pervade
F‘MJ ) ’

so many children's and adults’ -ideas about it, that gives credence to the bellef

that non-rational forces are at work. : '

- 7

& - ”

Review of the Literature ¢

" Although ﬁiage; (1976) investigated what children think with and where they

believe dregms come from and Kreutzer, Leonard and Flavell. (1975), along with

E et .

others, have studied .hildrén's awareness of how they rewmember, studies of concepts

of the functioning of internal body sysiems are rare.
. PN .
A

In Bernstein and Cowan's study, “Children's Concepts of How Peopie Get Babies"

(1975), levéla of thlnklng about external phenomena (Piagetian stages) are com-

-

pared with the levels of thlnklng about an 1nternal bodlly functlon. In this case.

v

however, the internal body process is not the children's but their mothers', They

found that children's conceptions of procreétion follow a pPiagetian developmental

sequence.




The in'fluence of affect on thought was studied by Gorman, a neuro-

L)

psyz:hiatrist '(1969). He investigated this interaction in a study of physicians'
twncepts of the brain function an.d the stroke syndrome. He concluded that the draw-

. | i;xgs\if the brain done by these physicians "posses.sed a strong sukjective colora- ‘-
tion"" (p. 207) ‘

- Schiléer and Wechsler (1935) askedrc‘ﬁildren aged 4 to 13, "What is the inside

of your body }nade of? What have you got inside your body?" They found that not

unti]: children reach the age of eleven can they give realistic answers to these

questions. Young children usually said that the body contains recently eaten foo;. :
Naqy (19535) was ‘tbe firsk: to attempt a large-scale syst_cax;latic study of children's R

com;:eptions of some bodily functions (brain function, breathincj and digestion).

She did a ._series of ‘stugiies id three cohntries—-HuQJiry, England and the United

States. The age range @ifferent for each. national sample, as was the number

of subjects. The aée ra@nge was 4:0 to11:11 for the tofal sample and the total

! Al
number of subjects was 750. She used three different methods--an interview accom-

panied by drawing the relevant organ within a given outline of the body (Hungarian
i . '

.sample), a written essay covering the same ground as the interview (English sample)

»
-

and written responses to a questionnaire, read aloud to the whole class. All
. » {_

three ,were used with the American sample.

’

Gellert's monograph (1962), "Children's Conceptions of the Content and Func-.

tions of the Human Body," is a more detailed and extensive study than Nagy's. The
)

I ’
major aims of her study were:

-

N

(1) To sttz:dy "developmental progressions in children's knowledge about
the body; and - . .

03
-

™

l .
(2) To formul-te hypotheses about the derivation of-children's conceptions
regarding the content and functioning of the human body.

ner sample consisted of 96 children, ranging in age from 4 years 9 months to

16 years 11 months, with equal numbers of boys.and jirls.  Half the subjec'ts f;'ell




within the 5 to 10 year range. The subjects were patiéncs hOspltallzed for a
variety of atute 3nd chronic physlcal disorders, and were cf at least average in-
telligence. Most were children of working class families; 23% were'private patients

of middle and uppe;;ﬁiddie socioeconomic_status: Almost all_were Cadcasian and , **

Pian)

reprec.nted a variety of ethnld backgrounds, mostly Irlsh and Italaan. All but a )

1 o -

few had little or no formal teachlng in human blology and anatomy. . *

H L~

~

Using d& structured questlonna.Lrel she mterviewed the subjects .i_ndividually.

B | .

Although the questionnaire covered a number of body organs 2 systems and- processes,

[y

& shall be concerned here only with dlgestlve organs and procdesses. She asked

the subjects questions and, at the same time, asked them to draw witBin lifelike
- \ -

outlines'bf a cniId's body and head (Both fronn ahd back and'ﬁifferent ones for T ,

boys and girls) various organg, etc. She'fognd an increase,. with<age, in knowledge

.

, _about the stomach, digestion and eliminatiogn. She also found little eVidence of ) .
magical thlnklng in the younger chlldren s responses, but conslderagﬁe evidence
o.- concrete thinking below age 9. =« 5 . .
4 v . .
These and other findings relevant to.,ours will be discussed in greater' detail
. ~ ) . . , /
later: . ° . . ; - A
\ .
: o T ,
- il
~ ™
. o . “
¢ ‘ L] -
LI - v 1
N f N ‘
6 /7
- LRY — . s
L] / .
i -
» N \
- ¢ . - - -
] -
\ ‘ -
2 \ - - y -
.3\ .
Gellert Index of Body Xnowledge- . ’
- ’ - Ld
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II. METHOD

A, ,Samgle

-The criteria for selection of the sample were age (representative of the

~

v . : ~N
+ cognitive’ developmenti.l stages postulated by Piaget); socioceconomic status

(middle-ciass); intelligence (average or above); attendance in a suburban public

school'district; and willingness, on the part of the parents for their children to
s

pértic%patg,fh the study.

Characteristics of the Sample: Age ) ; p

\ -

The sample consists of 61 subjects--20 kindergarten;}s, 20 third graders é?d

r

21 seventh gradefé, with an equal nﬁmbe;_of boys and girls at each grade level
+ except for the seventh grade,. where there.were 11 girls.l

The kindergarten subjects ranged in age from 5:0 to 6:0, the median age,

5:74. (Table 1) %The median age of the boys is slightlly higher (5:8) than that of

\ . ' .
the girls (5:6); the range, 5:3 to 6:0 for the bdys and 5:Q to 5:10 for the girls.

<N ‘ .
The third graders range in age from 8:2 to 9:2, the median age, 8:7¢. The
. 4.

. medi&n age of the giris (8:8%) is slighﬁly higher than that of the boys (8:6);

. the range, 8:2 to 9:2 for the dirls and 8:2 to 9:0 for the boys.

The seventh graders range in aga from 11:9 to 13:2, the median age, 12:8.

The median age of the girls (12:8) is slightly higher than that of.the boys

412:5); the range for the boys, 11:10 to 13:2, for the girls, 11:9 to 13:1.

r

The investigator spot-checked the tapes of the inte-views as they wefé conpleted
for audibility and clarity. Because the tape for one seventh grade girl seemed
very soft, the investigator interviewed-an additional girl. Since the transcriber
transcribed the tape of her interview, by mistake, we are including her in the
sample. .

~




Table 1

Age of Sample: Median and, Range

Kindergarten (N=20) -« Third Grade (Nz?O) " Seventh Grade kN=2l)
) Girls Boys -}~ Girls |Boys Girls Boysl
(N=10) (N=10) | Total (N=10) | (N=1C) |{Total (N=11) (N=10) Total
- /
Median 5:6 5:8 5:7¢ § 8:81 | 8:6 8:7% 12:8 “12:5 12:8 _
’Range 5:0~5:10|5:3-6:0{5:0-6:0 § 8:2-9:2 8:2-9:9 8;2—9:2' 11:9-13:1111:10-13:2]11:9-13:2

All but 4 of the children are Céucasian. There are 2 Chinese and
"2 Black. They came from a large range of ethnic backgrounds, in-
cluding Irish, Italian, Jewich.

V/ Scores of WPDSIl or WIsC2 Vocabulary Tests. * The scores of the kindergarten subjects

= ¢
on the WPESI Vocabulary Test range from 106 to 155; the median score, 125. The scores

N

of the third graders on the WISC Vocabulary Test range from 94 to 145; the median,
. 115. The scores of seventh graders on the WISC Vocapulary Test rangs from 92 tno 155;

~

the median, 124. (See Table 2) N

) « Table 2

Scores on WPBSI or WISC Voca?ulary Tests

Kindergarten - WPPST Third Grade -.WISC Seventh Grade - WISC
. (N=20) . T (N-20) : (N=21) .
. . - \
Range 106 - 15 94 ~ 145 ‘ 92 - 155
Median 125 115 o124

Lo ! .

1 Wechsler 2Preschool and Primary Scale of Intelligence

Wechsler Intelligence 3cale for Cnildren

12
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Educational Background of the Sample with Regard to thé Digestive System. The °

L3

study of the digestive system was included in the science curriculum of the fifth;

sixth and latter part of the seventh grade.

The Sample. 1In order to find out what the specific edudational background of the

third and seventh graders in the sample was, they were asked about their source of
~

¥nowledge regarding the digestiqf system. All but two sewgnth graders said thy had

»

studied the digestive syStem at some time in school. (These two had been transferred

\

from other school districts where it apparently was not taught.) Sixty-five percent

of tHe third graders said they had learned about the digestive system in school.

On further questioning, almost all mentioned such things as "health,"” "nutrition,”

+

"cleanliness" and body parts or organs.

°

s B. Procedures

Ve
Formal procedures were set up by the principals with the investigator who was

to interview the subjects regarding arrangements for interviewing the subjects. 1In

—— .

’ —
he elementary schools, since the investigator went to the kindergarten and third

grade classrooms to pick up the subjects, these procedures became much less formal
as both the teachers and the children got to know the investigator. In the xinder-
\
garten and third grade classes, the teachers usually introduced the investigator to
the child and then described, in very general terms, what w;s about to happen.
Since the investigator and the %hild'walked together t. the room where the inter-
view was conducted, th%re was a short time in which the investigator could talk
* more informally with the child aboup matters unrelated to the interview.

Although arrangements were maée for the seventh graders to be told in advance

what the purpose of tpe interview was, it did not work out that way. They just re-

ceived a note from the guidance counselor's secretary, telling them to appear at a

certain time in a specified room. Ag a result, the investigator explained to each

/




*

explained,;hat the method used in this study was to .interview people in order to

]

find out what their ideas were.

The interviews were taped in their entirety, including the children's re-
marks whiie drawing. The younger children were told about this before the inter-
view started and most kindérgart; children were given a chance to listen to a
little, as they usually wanted’ég hear themselves. Each kindergarten andaégird
grad; child was intervieyfé {ﬁdividually in an unoccupied room in the school; the
seventh graders, usu;lly.in the guidance counselor's office.

The data were gathered dﬁring two interview sessions that usually took place
in the same ;eek. All of the data reported here, wiﬁh the exception of the draw-
ing of a person, were obtained during the first sesgion which lasted from a half
to tﬁree-quargers of an hour. The second interview éealt‘ﬁith ~henomena that did

-

not pertain to the workings of the body (and are not reported here) and included
tge drawing of a person.l

The measureé were administered in the following order: interview abqgt the
digestive system” and its functioning; WPPSI or WISC Vocébulary Test; digesggve
process dréwing (DPD). The vocabulary test was inserted between the interview
and the drawing of the digestive process in order to reduce the chance of the
graphic expression being é replica o; the verbal expression. The drawing of a
person was obtained 2t the end of the>;\cond sessiPn.

The introductibﬁé/to each of A£he measures werj the same at all age levels,
except for the diééstive system interview, which was more detailed for the third

and seventh graders than for the kindergarten subjects. (See Appendix A) Since

the digestive system interview was not only the most essential measure, but also

1 .The drawing of a person was included to provide an additional index of in-

telligence. Scoring was done according to Harris (1963), although we had
only one drawing unlike .Harris who used drawings of botg a woman and a man.

19
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. A4 ) - ‘ . ]
came first, the manner sin wh%ch it was introduced was exggcted to set the tone for
- L

the rest. The investigator emphasized her interest in what the children thought

happened to the food after it was ingested, even ' if thgy were not sure that they

knew the correé%Lanswer. If their response to a question was "I don't, know,"

’ .

they were generally asked to "guess" or "think about it."" It was‘essential to

~ !

help them relax so that they would exgggss their ideas, whether or not they thought
Q v . i

. A g

they were correct, i.e., so they w_ould"\{xot treat this interview as if it were' a test

L4

of thei;cﬁkowledge. In addition, the first twe questions, "what is your favorite

’ - )
food?" and "What kinds of food don't you like?" were included only because it was
hopeé that talking about food would result in greater relaxation since they required
no special information.

Standard introduction and procedures were used for the WISC and the WPPSL
except for a slight modification in procedures with some kinde;garten children.
A:ghild who could noé respond was told, "Show me,g where appropriate. Thus, for

3

the word "shoe," pointing was considered acceptabfé. (See Appendix B)

Detailed directions were given for the drawingtSf the digestive process. The

subjects were reminded that they had talked about "wh;§xhappens to the- food you

eat.; They were told,specifically to "show where the fggd goes, how it moves,

what iéglooks like, and any changes in it." '(See Appendix C) when the drawing was
completed, if the child had not followed directions, the investigator reminded
her)him, using the same language as before. After completion, all kindergarten
subjects and most third graders were asked to tell the investigator what every-
thing in the Jdrawing was so she could label it. The seventh graders and some

third graders who wanted to, labeled everything themselves. The 1apeling was

<

monitored vefy,glosely to be sure everything in the drawing was labeled.
T By " e

The instructions for drawing a person were simple, and emphasized drawing

’

the whole person. (See Appendix D) when the drawing was completed, if the




nr®
’

investigator was not sure about some of- the details, the child was asked
I :

specifically about them and the drawing was labeled appropriately. If the in-
L

2

vestigator was not sure of the sex of the person drawn, the child was aéked of

whom it was a picture.

-

C. The Measures ' : %
. <

The digestive system interview and the digestive process drawing (DPD) were
. L

designed to provide two different media for presenting ideas about the functioning -

3

of the digestive system.

~

The digestive system interview is structured. It includes a number of

leading questions, essentially the same at all age levels, each of which is followed
by questions regarding details not mentionéd spontaneously by the child. (See
. T,
Appendix E) In addition, because Efé’cdhtedt was unfamiliar to most of the ydanger

children and some questions covéred territory unfamifiar even to the seventh graders,

other questions were asked, tailored to the individ.zl child, in order to stimulate

i

responses as well as to clarify the meaning of the child's responses and ascertain

that the desired content was included. Most of the questions pert?in to the

functioning of -he digestive system. Others deal with the reasons for eating and

the effects of cessation of eating. The' content of the final questions is varied:

sources of information about the digestive system, interest in this and other body
systems, and memories of early concepts of what happens to food in the body.

For the digestive process drawing, since no body outline is presented, the
S
child was free to draw whatever she/he_ considered appropriate. As indicated

previously, the emphasis was on the procéss, what happens to the food, not un the

digestive organs. Here, we were interested in the children's graphic concepts
\"1 s

of the digestive procéss, how they might be simildr to or different from verbally

expressed concepts, as well as <ny features which might be indicators of affect.

-
*
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The difficulties‘involveq n drawing\the digestive system, especially for the

-

younger children who may not Have seen any diagrams or pictures, are taken into

o
consideration. ¢

1. Analytic Methods and Lategories Applied to The Interview.

’ L

Analysis of the interview data focuses on the content of -the children'ts
Adeas about the digestive system and its functioning, the cues and data on which
these ideas were based, and their explanations. Both quantitative and qualitative

-

comparisons, by age level and sex, are made, content patterns are described and

- . . ) . o,
illustratiye quotas from the interviews are provided. .
. /\
The an?lysis of the responses to the digestivé:qystenxinterview is divided ,)

into two parts:

a. Substantive knowledge: Concepts of the functioning of the aigespive

system, of the end-products. of digestion and assimilation and of the effects of

1

cessation of eating.

L]

b.. Conceptual framework: The kinds of cues and data on which these

concepts were based as well as the kinds of explanations that were offered.

’ { .
a. Substantive knowledge: The functions of each’ digestive organ and the digestive,
\

eliminative and assimilative processes associated with them determined the areas
of analysis. A series of check lists was devised that dealt with the functions

- . . \ . .
and processes of digestion, reasons_fov eating, and the effects of cessation of

eating. \\\

The check lists weqséderived from thé responses of a sample of subjects from
all three age levels, and included, for the most part, relevant items in the
subjects' words. Other items were added when necessary during the‘tabulation of
the data. The purpose of this procedure was to devise categories related as
closely as possible to what the subjects actually said, that is, not in terms of

correct responses. The data were tabulated by item, and then combined into

17
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categories derived from these items. The analysis is divided into eight sub-

sections, as follows:
(1) The sequence of food Ehrough the gastrointestinal tract, including
the separation of nutrients from waste and the elimination of solid

(2) Organs and body parts, related and unrelated to digestive/eliminative/
assimilative processes.

<
(3) The processes by which food moves through the gastrointestinal tract
Y (in response to the question, "Where does the food move?" or "What
makes it move?") .

(4) Digestive processes in each part of the digestive system (in response
to, "What-happens there?" with respect to each paﬂt mentione '.)

(5) Distribution of food to the body, the route by which it is transported

and its form (in response to, "What happen%'to the food/nutrients?")
N

(6) Reasons for eating {in response to the question, "Why do you eat?")

(7) Comprehénsiveness of overall concept_of the digestivefeliminative/
assimilative processes (a summary of the preceding material.)
- "Mwm%
(8)‘ Effects of not eating (in .,response to the question, "Whas would happen
. if you stopved eating altcgether?")

b. Conceptual Framework: This section of the analysis was concerned with the

. -~

kinds of cues and data on which the subjects' concepts are based and the types of

explanations offered. In many cases, no explanations were given. As a result,

\

there are ogly a few areas in which these kinds of responses were given by a
k3
.. . . ! 2
sufficient number of subjects to warrant comparison by age and sex. These are:

(1) Responsgs stemming from the question, "Why do you eat?" involving
explanatiions of how food keeps you alive, makes you strong, healthy;
how you ow you are hungry; how you know you are growing; and how
the fo gets to where it has to go in order to help you grow.

(2) \ Explanations of the color and consistency of food when in the stomach.

' (3) Wwhy food does not go to specified parts\of the body.

1 . .. . .
And also to follow-up questions necessary to elicit responses. This applies to

all the other questions cited in this list.

2 . . .
where there were only one or two explanations, they are often quoted in ‘he
preceding section.

[}

waste (in response to the question, "Wwhere does the food go?"l) NJ/




e

\/‘\ ’ . .

W(4) Transformation of matter into energy and other matter..
. . :
The categories, derived directly from the responses, are di t, in some
- »
cases, \at t age levels Pecause of the different kinds. of explanations given.

_ . K N
bhey are a mixture of the nature of the basis of the explanation(e.g., physiological,
biological, or nutritional information), type of thinking (e.q., quasi-animistip,l
analogical), perceptual (e.g., intra-body sensations, visual), and others re-

lating to specific explanations. . ¢

. — .

3. Analysis of the digestive process drawings (DPDs).

The analysis was diviéed ingg four parts:

a. Organs and body parts, related and unrelated to th diges ‘ve/elimina-

.\ *- . iy . . . .
tive/distributive processes. .

b. Depiction of where the food goes, indications of movement and of

~

changes in it.
C. Presence or absence of a Body-outline.
d. Expressive characteristics.

As with the digestive system interview data, the categories used in analyzing
- '3 -
the DPDs derive directly from the form and content of the drawings and take into

.

consideration the differences at the three age levels. Age level comparisons are

s .
made, and sex differences noted.

Py

The DPDs are compared with the interview data. This comparison is limited to

the organs and body parts mentioned in the interviews and depicted in the d}awings.

- A

v

Major digestive system organs and body parts, other digestive/distributive ongans

~

and body parts, and other organs and body parts not related to the dgqsi:i:s}

eliminative/distributive systaQ\iif\jompared, by aYe level only. .,
S .

1 Defined for the purpose of this study as "Couched in animistic terms." That is,
it does not imply that the subject conceives of parts of the body as "endowed
with intentions." (Piaget's definition of animism, 1967, p. 26h

)
.
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, : - IIL.. RESULTS
A. The Digestive System Interview . . \

1. Substantive Knowledge =~

’

Analysis of the responses to the question, "what happens to the food after

you put it in your mouth?" and to qugﬁfionsraimed at eliciting concepts of the

digestive system follows.

a. Sequence of food through the gastrointestinal tract; kindergarten,

The descriptions given by the kindergarten subjects of the sequence of food

\ L 4

through the gastr01rtest1nal tract are not only very limited, but also contain many
confusiorns and mlsconceptlons. all subjects said that}bhe food goes down the throat
to the stomach. Three—tenths said it goes through a plpe/esophagﬁs as well as

)

e throat. None mentioned the intestines. .
of 2 -t
- Variation in frequency of response with regard to: (1) whether or not the food

stays in the stomach (and, if %o, .some or all), and (2) whether or not food goes

out of the body (and,“if so, some or 5;1) is shown in table 3.

- ) Table 3 ‘

SEQUENCE OF FOOD THROUGH THE GASTROINTESTINAIL TRACT - KINDERGARTEN

Sequence | Girls (N=10). Boys (N=10) | Total (N=20) Percent )
A ) _ 2 6 30
B ) 1 3 4 26
c NE 3 8 40
D 0 2 T2 10
Total 10 10 20 100 '

Sequence A - The £ood stays in the stomach; no mention of it going
out of the body. )

" Sequence B - Some food stays in the stomach and some goes out of the
body.

Sequence C - No mention of the food staying in the stomach; food goes
out of the body.

Sequence D - No mention of food staying in the stomach or going out of
the body.

For the most part, the slash is used to indicate the term the subjects tend to
use and the correct name of the organ or part of body.
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Half of the kindergarten children (Sequences A and B) say fhat some or ali

the food stays in the stomach; three-fifths say that at least some of the food

A
goes out of the body (Sequence B and C) and two-fifths do not,mention elimination

4 .
of solid wéste at all (Sequences.A and D). oo ’ . ) N
None of the chlildren distinguished verbally between food and waste, calling
Jbpoth what stayed in the body and what was eliminated "food."

The responses of thosiswho mentioned elimination (three-fifths) were, for the

most part, immmdiate, although there were occisional hesitations when describing

~\j7 ¢ it, pOSsiblv due to embasgéssme;Z?\\Mgst of them gave rather elaborate descrdiptions

of elimination. Some of them described in detail that it happened in installments,
e.g.; "Just a little bit" of the food comes out. "of pbé stomach...And then about.

two, three, two hours after, then mavbe some more may." One child explained why
(4

elimination was necessary. "You have to get rid of it sometime...Because sometimes
it gets not good for you any more...and then somehow you have to get it out, and
. that's the only way you can get it out."” Another described what goes out as "food

and ‘drinks." . . ,

<

The kinderga;ten_children's description of the seéuence of food through the

a

' body contain three major misconceptions: (1) that some or all of the food stays

in the stomach (50%); (2) that the food, in passing from the throat to the stomach,
.does not need to be enclosed in something (70%); (3) that elimination does not
take place (40%). o
Three of the children who said all ;he food stays in the stomach said later
(in résponse to questions about the reasons for eating) that the food goes ro
.various parts of the'body. Despite reminders.that they had said the food stayed
in the stomach, they did not seem aware of the contradiction. It is possible that,
o

for them, "stay" does not mean forever?-"Pefhaps they had been told that food goes

into the stomacli and also that it goes to parts of the body to make tleom strong;

big, etc., and they repeated bpth. -
/




\\\S:ird-Gradé. All the third graders said that the food went down the throat to

e stomach, but

Y

only 55% said that it went through-the ploe/esophagus as well as

through the throat to the stomach. (See Table 4) Their descriptions of the rest

of the sequence of food th.rough the gastrointdstinal tract are slightly. less limit--

ed and.more differentiated® than those of the kindergarteﬁ children.

The major éifferences have to do with which parts of the gastrointestinal

tractrare included and the presence/absence of mention of elimination of food-waste.

. Table 4
SEQUENCE OF FCOD THROUGH THE GASTROINTESTINAIL TRACT - THIRD GRALE )
, Sequence Girls (§=10) Boys (N=10) ToFai?jNh%Q) Percent
‘l
A 0] 3 -3 . 15
\)\ B 2 0 2 . 10 )
C 4 3 7 35
D 4 4 8, 40
S Total 1e . 10 20 120
Sequence A - Food goes through the throat and/or the pipe/esooh-
agus to the stomach and/or intestine; no mention of ‘
elimination.
Sequence B -~ Food goes through the threat {;hrough the pipe/
* esophagus to the stomach. AaYl the food stays in the
stomach except when you vomit.
Sequence C - "Food" goes out of the body from the stomach.
Sequence D - After it reaches the stomach, the food goes to the
intestines and food-waste goes out of the body.
Twenty-five percent of the third graders (Sequences A and B) did not mention

elimination of food/waste from the body excepc by vomiting, as compared with 40%

v
of the kindergarten subjects. The remaining 75% whomention eliminatior (Sequences

C and D) are divided among those (35%) who say that "food* goes out of the body

from the stcmach

(Sequence C) and those (40%) who say that, after it reaches the




;

« L4
stomach, thesfdod gues to the intestines and food-waste goes cut of the body

* 7N
(sequence D). None of the third graders mentioned the rectum.

Unlike' the kindergartners, none of the third graders said that all the food
stayéiin the_stomach, but three-tenths said that some food stays in the stomach.

The third graders appeared to be more embarrassed about eliminition than

.

the kindergarten ch%}dren. One child was so uncomfortable at first that he cggld
N A

not even describe what happens to thegfood in tﬁe gastrointestinal tract. At

one point, however, he managed to say, "It goes out" but avoided saying anything
else. Another said, "I1'd rather not talk about it...It doesn't go outfligg;;ixéle
balls though. It goes out in different forms." Elimination is also alluded to

in phrasés such as, “You go to the bathroom" or "Then you get rid of it." bnly

pne child mentioned "bowel movements" but only after the investigator tried to
L .
find out whether she was talking about urine (because she had mentioned kidneys)

or feces. she said, "The bad stuff -~ then it goes down into your - into your
//-\\

bowel movements and then (when?) you go to the bathroom in the night...then it

comes out.”
The distinction between nutrients and waste and their separation is men-

tioned by only one-fifth of the third grade children. (See Table5) All of these

-

said that separation takes place in the intestines. Only two of these, however,

referred to what goes out of the body as "waste."

Table 5
SEPARATION OF NUTRIENTS FROM WASTE - THIRD AND SEVENTH GRADES
Cateaory Third Crade (N=20) Seventh Grade (N=21)
Separation takes place: Girls Boys Total Percent Girls Boys Total Percent
In stomach 0 0 0 0 4 0 4 19
in large intestine o 0 0 0 0 2 2 10
in small intestine 0 0 0 0 3 1 4 19
in intestine (large or small
not specified) 3 1 4 20 .2 3 5 24
in other organs 0 0 0 0 0 3 3 14
location unclear 0] ¢ 0 0] 1 0 1 5
no mention of separation 7 9 16 80 1 1 2 10
. \
101
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Seventh Grade. The seventh graders' responses are very similar with respect tc

0

. phe early part of the sequence of food. All but' one said that the food goes®

-
-~ L)

. . ] ° . -
through thé throat and/or esophagus to the stomach. One subject said it goes down-é

- . L}

the windpipe to the small intestine. They are in total agreement’ about the end

¥ of the sequence, that elimination takes place. There are, however, different

v - -

ve£§ions of what happens in between, as shown in table 6. .

.7

———

! Table 6 -

-

A ) \J .9
SEQUENCE OF FQDD/WRSTE THROUGH THE GASTROINTESTINAL TRACT ~ SEVENTH GRADE

—

.. Sequence | Girls (N=11) | Boys (N=10) | Total (N-21) | percent | ‘

A _ 1 : 1 - 2 .10
' B. 3 -2 : 57 - 24
s o "0 1 1 5
Jed .
D 2 2 4 19
E 2 4 6 29
¥ . ‘
F 3 o - 3 14
Total 11 : 10 21 101

Sequence A - Food goes only to the stomach.

Sequence B - Foodigoes from the stomach to intestines (small or large
unspecified) . T ]

Sequence C - Food goes from the stomach to‘the‘large intestine.

Sequence D - Food goes from the stomach to the smzll and then- to the large

. . intestiire.

Sequence E, - Both food and waste go to the intestines.

Sequence P-~- Waste alone goes to the intestines.

P
-

Almost half the subjects (Sequences B, C, D) say the "Food" goes to the in-

d

-
’

testines (large, both or unspecified) while only one-tenth do not mention intest-
ines -at all (A). The rest (43%) say that either "waste" alone (F) or hoth "food"
and "waste" (E) go to the intestines. Despite the investigator's attempts to get
.them to clarify the meaniﬁg ol "nutrients," "food," and "waste," and despite the

fact.that the location of the separation of nutrients was specified by 86% of

ERIC - < S
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the seventk graders (see Table S), there is olviously some confusion in the minds

‘ of ﬁany - either about what (nutrients, food or waste) goes where or, possibly,

-

just‘ébout;the,éerminology. . N

Nine-tenths of the seventh graders mentioned the separation of nutrients from
* . ~—
waste (as compared with only 20% of the third graders), and all but one of.these
* .

- .

specified clearlya in response to questioﬁang, in which part of the digestive tract
this.se;aration_takes placé. (see Table 5) Th§ location most frequently mentioned
(Sé%) is the inéestines - large, small or unspecified (10% in the large and l%'in
the small intestine). Almost a fifth said ihis separation takes piéqe in the
stomach. Other gggans_(mentioned.by one subject each) wére the liver,.tﬁe trachea
and both éhe esophagﬁs and the sto;ach. Thus, only l; were aware that separatioﬂ
takés Place i@ the small intestine and thaé only the waste then goes to the large
intestine. .

In general, t?ere is considerable lack of clarity about what happens after
the food leaves the stomach. - abouéfthe segaence as wgal-as about what exactly
is eliminated. . |

In most cases, their Fespopses about elimiﬁapion were straightforward and
unhesitant. They are not, however, couched in physiological termsl SO thaé they
often appear, to be evasive aﬁd, sometimes, distagglxg. For example: "and the

vaste goes out;" "it goes into what you call it, glands, I guess, to be disposed

g{;" "and then you have to go to the bathroom;"- "you put it out...you get rid

of it." No one mentioned either bowel movement or the rectum.

To sum up: There are age level differences in the descriptions of the se-

quencé of food thrcough the gastrbinteéfinal tract. The degree of kncwledgeab;lity

/ . .
and differentiation increases with age; the kinds of confusions and misconceptions
" :

1 Although the third graders tended to use the same kind of language, they had
not studied the digestive system and. therefore, could not be expected to use

physiological terms. . - P

¢

oo
e




studied the digestive system, the responses of many are unclear; their descriptions

20

also vary with age. At the szame time, although almost all the seventh graders

are often iraccurate with regard, particularly, to the sequence of food after it

leaves the stomach; the point at which the nutrients are separated from the waste;

and the distinction between nutrients, food and waste.

b. Organs and body parts, related and unrelated to

digestive,distributive and eliminative processes.

In response t¢ the questibnez_ about the processes involved in digestion, dis-

tribution of nutrients and elimination of waste, the subjects named organs and

body parts in which they thought these processes took place.

The major digestive organs mentioned by the kinderc .rten children are the

pipe/esophagus, the tummy/stomach, and, by only one child, the liver®

7) 1In addition to those mentioned by the k:mdergartne:s, some third graders either

(See Table

specified the small and/or large intestine or me.ntioned the intestines in general.

The seventh graders added to these only the pancreas.

orqgans mentioned increases with age:

Thus, the total number of

Kindergarten, 4; third grade, 5; seventh

grade, 6.
Table 7
MAJOR DIGESTIVE ORGANS AND BODY PARTS .
Kindergarten (N=20) Third Grade (N=20) Seventh Grade +(N=21)
Gulg;oysl Total| Percent | Girls|Boys| Total| Percent | Girls|Boys|Total|Percent
=
Mz::ut:hl |
Esophagus/tube/pipe] 2 3 5 25 9 8 17 85 11 9 20 95
Stomach/tummy/belly{ 10 10 20 100 10 10 20 100 11 10 21 100
htestines/tubes (geq) O 0 0 0 3 4 7 35 . 2 2 4 57
Small intestine "0 0 0 0 3 1 4 20 8 7 15 71
large intestine o | o 0 0 2 | o 2 10 8 |6 | 14| 67
Pancreas 0 0 0 0 0 0 9 0 0 3 3 14
Liver 0 | 1 1 5 1| o 1 5 2 | 4 6. 29
Rectum/anus/bowels 0 0 0 0 0 0 0 0 0 0 0
!
1

The mouth is not included because it is mentioned by the investigator in the first question

Of the interview.

EKC
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The only one mentioned by more than half the kindergartners is the
all of them mentiohed it. All the third graders also mentioned the sto
the pipe/esophagus and a total of 55%, the intestines, some of whom specified
the small and/or the large intestine (a total of 3). All the seventh graders
mengioned the stomach; 95% the pipe/esophagus; 67%, the large intestine and 71%,
the small intestine, with 9&% mentioning the intestines either generally and/or

specifically (a total of 4 out of a possible 7).2

One outstanding similarity is that no one in “he sample ment.oned by name

any parts of the body involved in the elimination of solid waste. There appear ‘to

—

be no sex differences at any age level with regard to the mention of any major

organ.

-

3

Other organs and body parts related to the diges®ion and distribution of food

. or the élimination of waste products were also mentioned by many subjects. (See
Table 8) indergartners mentioned teeth, the tongue, throat or neck, pipes/blood-
(\\ stream garrying food to the body and a "little pipe" from the liver to the heart
(a total of 5). Third graders mentioned, in addition, salivary glands and kidneys,
but not the "little pipe" (a total of 6). And seventh graders added to these a
valve—"flapﬁ between the duodenum and stomach, "cilli"/"cilia"/villi in the small

.

"intestine, kidreys and bladder. A few also specified, in addition to pipes/blood-
. T——

» \\
steam in general, main arteries and capillariesN{a tptal of 11). Here also there

is a distinct iacrease, with igs},in\phe number of organs mentioned. When we look,
however, at those mentiéggavgy at least half the subjects at each age level, we

find that the responses are very similar. There are only two at all age levels

Descriptions of the character of response evoked in more than half of the subjects
in each age group are given, where appropriate, in order to report modal response
patterns.
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and the same one$ are mentioned by the third and seventh graders. Half the kinder-
gartners mention\teeth, and all, the throat or neck. Both the third and severth

graders also mention the throat or neck (third grade, 100%; seventh géade, 81%)
/

and the pipes/bloodstream carrying food,as well (third grade, 70%; seventh grade,

91%).
Table 8
OTHER ORGANS AND BODY PARTS RELATED TO DIGESTION, DISTRIBUTION OF FOOD
ﬂl‘ J AND ELIMINATION/ OF WASTE
N Kindergarten (N=20) Third Grade (N=20) Seventh Grade (N=21)
Girls|Boys)|Total|Percent| Girls|Boys|Total|Percent| Girls|Boys|Total |Percent
Teeth 2 8 | 10 50 3 3| 6 30 0 1] 1 5
Tongue ' 1 1] 2 10 3 2| 5 25 0 1] 1 5
Salivary glande 0 ol o 0 1 0] 1 5 1 .o} 1 s -
Throat/neck. 10 |10 20 100 10 '] 10 { 20 100 10 7 | 17 81
g:i;:c;f;ig" ;;sxzz‘l o | of o 0 0 o| o o 1 1] 2 10
vy L‘i::i;:n:‘ o | ol o 0 0 ol o o} 1 1| 2 10
ﬁ::ietgigzaﬁ:w "o 1] 1 5 0 o| o 0 \ ol| o 0
:iﬁdiﬁ;‘ziipes etck 1 | 4| s 25 6 8| 14 70 10 | 9 19 o1
Main arteries 0 0f o 0 0 o] o | o 1 2] 3 14
G@pillaries 0 o o 0 0 ol o 0 0 31 3 14
Kidneys 0 0 0 | 0 1 1 2 10 0 1 1 5
Bladder 0 0 ov 0 6 0 0 0 0 1 1 |4, 5

There are some noteworthy age level differences with regard to major and

other related organs and body parts. While all the subjects mention the stomach,

not until the third grade are they generally aware that there is some sort of tube

or pipg through which the food passes to get from the throat to the stomach
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(kindergarten, 25%; third grade, 85%; seventh grade, 95%). Although mention of
intestines (in general) increases from only 35% at third grade to 57% at seventh
grade, the percenéage of seventh grade;s who mention the small intesg}ne is 71%,
a 51% leap from the 20; of the third graders. With respect to the large intestines,
<N

the changé is even greater - from 10% at third grade to 67% at seventh grade. In
relation to the bloodstream carrying nutrients to the body, there is a very large g
increase at the third grade level and another large increase at the seventh grade
level (kfgdergarten, 20%; third grade, 70%; and seventh grade, 91%).

‘Tﬂg largest sex difference was found at the kindergarten level where four times

- as many boys (8) aé girls (2) mentioned teeth.

A few subjects mentioned organs not related to digestion at all. At all

three age levels, the heart is mentioned by cne or two subjects. One third grader
and one seventh grader mentioned the tube/cord/trachea; one third grader, tonsilcg,

:\;hg one, the lungs, while one seventh grader mentioned the appendix.

. Prycesses by which food moves through gastrointestinal tract.

-

During detailed questioning about what happens to the food in the gastro-

intestinal tiract, the subjects were asked, among other things, how the food moves

]

from one p@ff to the others.

N\

and slipping or sliding. Because of their limited concept of where the food goes,

-

The principal processes were mentioned by the sample as a whole - swallowing

the kindergarten children were concerned only with how the food moves from the
mouth to the stomach. Almost all (95%) mentioned swallowing, one-fifth said that
blood carries the food from the throat to the stomach, and 35% mentioned that the

food slipé or slides from the throat to the stomach. (See¢ Table 9)

oo
(-
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All the third graders mentioned swallowing. Half said the food slipped or
slid, or saliva or "drinking" helped the food slide from the turoat to the stomach
or from the pipe/esophagus to the intestine or through the pipe/esopgagus. One-
tenth said the "blood" carries the food from the throat to the stomach; 1G%, that
the food moves from the throat through the pipe/escphagus by "gravity." One of
these said, "in the tube...little hairs —:when you're laying down, brush it (the
food) into your stomach...and gravity.” When asked to explain about gravity, she
said, "Bécause we were studying about the moon and the earth...Well, the earth pulls
the food down from your esophagus down into the stomach." Another third grader

I

who mentioned gravity said, when questioned, " 'Cause gravity forces things to come
~——
down."

Other processes were mentioned by some. One said that the "tongue pushes"

the food; another, that saliva, air and the muscles of the arms and body push the

. food down and "when it goes down, the blood hits it."

Although the third graders know about swallowing and slipping/sliding, the

variety of other responses given by some attests to the confusion about what the
|

\
inside of the body is like and what goes on in the gaé:ggintestinal tract.

Table 9
PROCESSES BY WHICH FOOD MOVES THROUGH THE GASTROINTESTINAL TRACT

Kindergarten (N=20) Third Grade (N=20) Seventh Grade (N=21)

Processes’ Girls| Boys |Total]Percent| Girls Bois Total |Percent |Girls | oyq Total Percend
Muscles or contractions 0 0 0 0] 0 0 0 0 6 5 11 52
| swallowing * | w0 | 9|19 | o5 10 {20 [20 |100 |11 | 9| =20f o5
Slips/slides/saliva, etc. 4 3 7 35 3 7 10 50 5 ’ 6 11 52
Blood carries/pushes 2 2 4 20 1l 1 2 10 2 0 2 10
Gravity/falls 0 0 0 0 1 1 2 10 1 * 2 3 14
0 1 1 5 3 0 3 15 3 3 6 29

L
hese are overlapping categories. More than oné(iesponse could be given by each
ubject. As a result, the percentages do not total 100%.
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Only seventh graders (52%) specifically mentioned muscular contractions in
the throat and/or esophagus and/or othe; parts of the gastrointestinal tract. None
used the word peristalsis to describe the process in general. They are similar to
the younger children with respect to swallowing (95%), slipping/sliding, etc. (52%)
and in the éttribution of movement to gravity (14%), and to blood and "hairs"/
"cilia" in the esophagus, by a few.

It is not surprising that, at all age levels, the subjects tend to be aware
of the effects of voluntary actiéns (swallowing or drinking 1iqui§s), as well as
what is perceived through their senses (saliva in the mouth), as agents of movement
in the gastrointestinal tract. Thus, the only age level difference between the.
seventh graders and the younger subjects is in the seventh graders' awareness that
muscular contractions are also responsible for the moveme;t of food.

Misconceptions, e.g., the role of blood and gravity in .he movement of food
through the gastrointestinal tract, are expressed by a similar proportion of'
subjects at each age level.

The difference in the number of thi;d grade girls (3) and boys (7) who mention

slipping/sliding is suggestive of a sex difference.

d. Digestive processes in the gastroihtestinal tract.

4

At all ages the subjects were asked what happgns to the food in each of the
organs of the gastrointestinal tract mentioned. The words "digest" or "digestion"
were not used, althdugh follow-up questions were aimed at finding out their concepts
of digestive processes.

Kindef@arten. The kindergarten subjects were mainly aware of what they did to food,

that is, what happened to ig'in their mouths, but of very little else.l All of

them said they bit and/or chewed the focd. (See Table 10) But the immediate

1

But the first guestion, "When you put the focd in your mouth, what do you do?"
suggests that kind of response.




26

X

response of many to the question, "Why do you chew it?" elicited a variety of
explanations having very little to do with the digestive process. For examgple, *
"Because sometimes my mother cooks curry and I like curried chicken." Or mBecguse
you are'pot sdapposed to suck it." Many also mentioned that, if you swallow with-
out chewing, you'd choke. Although much questioning was necessary, nine-tenths
eventually said that biting and/or chewing "breaks" or "chops" the food up into
smaller pieces. One child mentioned dissolving action in the mout@, i.e., saliva
makes the food moist. ‘

One-fourth mentioned that something happens to the food in the stomach
(e.g., that the food "gets into smaller pieces," "digests"). Of éhese,_only 10%
were aware that some sort of mechanicals or muscular action takes place there
(e.g., the stomach "turns" or."churns" the food). Thrae~-fifths specifically said
that "nothing" happens to the food in the stomach. For kindergarten subjects, the
stomach is essentially a place where the food is stored. Since none of the sub-
jects mentioned any other digestive organ, no other digestive ﬁrocess was mentioned.

Third Graders. All the third graders mentioned that they chewed their food, all

but one (95%) that chewing breaks the food into smaller pieces. (Table 10) They
differ from the kindergarten children’ in that many fewer needed further questioning
to elicit the reason for chewing food. Some also said that you chew the food so
that you can taste it. For example, (I) "bite it so I can taste it." Others said
that you chew to prevent choking. "'cause if (it's) chewed. it goes down and it's
not in big chunks 'cause if it was in big chunks you'd choke on it."

Two-fifths mentioned the dissolving/liquefying effect of saliva in the mouth;
one-fifth indicated that saliva facilitates chewing and/or swallowing food. None

mentioned chemical (enzymal) action by saliva in the mouth, Fifteen percent said

QO

to
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that food :gets into bigger pieces when it goes down the pipe" (esophagus) and/or

!

that food gets mixed up in the esophagus.

They differ from the kiqdergarten subjects in that more are aware that some-
thing happens to food in the stomach. Only on;;fiféh said noth;ng happens in the
stomach, as compared.witﬁ three-fifths of the kindergart?n subjects.  One-
quarter of the third graders mentioned some sort of mechanical/muscular action
(e.g., that the food is broken down or mixed up, that the stomach "turns," "churns,"
or "acts on" the food). Three—ténths mentionéd dissolving action in the Etomach
{the food "dissolves" or "turns into liquid"). One of these said, "It mixes with
juices...then it makes it moist so that bad stuff can get out of fou easjier."
Half mentioned "othertﬂthings that happen to food - mainly phe result, not the
nature, of the stomach's action (e.g., food gets into‘"sméller piecés" or gets
"mushed up").’ One me;tioned "chemicals," possibly implyiné chemicdl action, but

did not describe its effect\ Although two-fifths mentioned intestines, only one

mentioned what happens there ‘(food gets mushed up).




Table 10
DIGESTIVE PROCESSES IN THE GASTROINTESTINAL TRACT

N . .
Category 1 ~ Kindergarten (N=20) Third Grade (N=20) Seventh Grade (N=21)
Girls BoyslTotal Percent | Girls| Boys| Total|Percent |Girls|Boys|Total|Percent
In Mouth
Muscular/mechanical action
chewing/or biting 10 10 20 100 10 10 20 100 11 10 21 100
chewing/cc biting breaks up food 8 10 18 90 10 9 19 95 11 10| 21 100
Dissolving/liquifying action i R ' .
of saliva . 0 11 1 5 4 4 8 40 9 8 17 81
Chemical action
enzymes in saliva 0 0] 0 0, 0 0 0 0 0 1 1 5
In Esophagus ) 0 0 0 0 2 1 3 15 2 2 4 19
In Stomach
Digestive processes (total) 3 2 5 25 7 9 16 80 11 9 20 95
Muscular/mechanical 2 0 2 10 1 4 5 25 4 2 6 29
Dissclving/liguifying 0 0 0 0 2 4 6 30 4 5 9 43
Chemical action (total) ) 0 0 0 0 “ 0 1 1 5 6 8 14 67
By digestive juices/acids 0] 0] 0] 0] 0] 0 0. 0 4 4 8 38
Sourcesg of digestive juices 0 0 0 0 0 0 0 0 2 4 6 29
L Effect of enzymes 0} o 0 0 0 0 0 0 0 1 1 5
Implied 0 0 0 0 0 1 1 5 0 0 0 0
Other . 2 2 4 20 4 6 10 50 6 3 9 43
Nothing happegi 6 6 12 60 3 1 4 20 0] 0] 0] 0
In Intestines <.
Mechanical {"mushed up") 0 0 (0] 0 1 0 1 5 1 2 3 1a
Dissolved by juices 0 0 0 0 0 0 0 0 0 1 1 5
IIn Liver
Chemical process unspecified o] o] 0 o] o] 0 o] o] 1 1 2 10

1 Many sub-categories overlap. Thus the percentages do not total 100%.




Seventh Graders. Seventh graders are considerably more aware of digestive

-

procesgsses than éfe third éraders. Like the third graders, all the seventh graders
said that chewing breaks the food into little pieces. Further questioning was nrot
requiredﬂto elicit this response, except for a f~w who apparently thought that

something less obvious was being asked about, and hesitated. In addition to this,

. -
. ~

a few also said that chewing was important in order "tc éet the-flavor out;" a
few said.you would choke if you did not chew; and others pointed out that ghewing
would:make the food ea;ier to digest.

Four-fifths mentioned the dissolving/llqd;fying,action of saliva in the
mouth, one specifying that the "salt" in the saliva dissolves the food (possibly
;mpléi;g some sgort of cﬁimical action, ' (See Table 10) Enzymes in the saliva are
specifically mentioned, but not what they do, by one seventh grader only.

Almost a fifth mentioned actions taking plaqe in the esophagus -~ in this
respect being no more kncwledgeable éhan the third graders.l One of these

'
mentioned that "the body starts taking tpe rich vitamins out of it (the food) and
then it separates the fats from the carbohydrates."

where\the seventh gr&ders clearly differ from the younger subjects is in
their awareness of the digestive processes in the stomach, ?articularly the
chemical processes. Ninety-five percent mentioned one or more digestive\processes.
Twenty-nine percent mentioned mechanical/muscular action; 43%, dissolving/liquefying
actions; and 67% chemical actions.2 Among the 67% who describe "chemical" actions,

38% mentioned digestive juices/acids; 29%, specific sources of digestive juices

(stomach, pancreas, livexr), and one mentioned "enzymes" and what they do.

Since no digestive action takes place in the esophagus.
2 "Chemical” is used here very broadly, including any mention of "digestive"
juices or "acids."
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Here, the figures mask the evident confusion of some, as illustrated by the
following quotes:

"In the stomach a lot of these acids come odt from the stomach's walls
and turn it into gooey soup or something.”

"Any hard things like bones get dissolved by an acid and the rest just

ke2ps on going through. It may stay there for a little while until it ]

gets dissolved.™ (.?.) "Hydrochloric acid.”™ It dissclves "anything

that it's not used to...that you haven't eaten in a long time." (.2.)

"Like fish, you may eat one (bone) by accident."

"Some other juices, I don't know if...bile or not." (.?.) "from some

Place else it comes to the stomach." (.?.) "some moisture comes from

the walls of the stomach." g

Forty-three percent gave some even vaguer responses(e.g., "food gets into .
smaller pieces," "digests," "proteins are broken down; ") but 29% of these gave

other responses as well.  Only 14% mentioned vague actions in the stomach and no

other.

Digestive Processes taking place in the intestines were mentioned by 19%.

Of these, three subjects described the effects of mecha;ical actions (food gets
"mushed up," fchewed up, " "more liquidy") and one, a chemical acfion -- "it (food)
gets dissolved by more juices...and I thinl. it gets broken down into single
molecules." Two described the results of a chemical process, but not the process
itself, that takes Place in the liver -- fat turns into "energy,” proteins into
"bile." No other digestive processes were mentioned. }

The only similarity in the responses at all age levels is the degree of .
awareness that biting and chewing break up food into smaller pieces. The amount
of questioning needed to elicit responses regarding the effects of tbhese actions,
howeygr, decreased with age.

The third graders are aware of more digestive processes than the kindef— )

garten subjects, and more of them are aware of digestive processes that take .

place in the stomach. The seventh graders, as expected, are aware of more

digestive organs and also of more digestive processes that occur in them. Their
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understanding of digestive processes other than muchanical/muscular and dissolving
actions, however, does not match -their knowledge.
“ There appear to be nc sex differences with respect to knowledge of digestive

processes at any age level,

e, Distribution of food to the body. -

&

This section includes four sub-sections: (1) whether or not the food is

1 distributed to the body and, if so, to some or all parts; (2) parts of the bod&\
- <

to which the food goes; (3) the route by which the food is transported; and '(4)

the form in which the food is transported.

() Distribution to the body. Half the kindergarten subjects said that the food

is distributed to the hody (Table 11). Fifteen percent said’it goes to all parts
of the body; and half specified one or more parts or organs to which the food goes.
. ' 'l
In contrast, nine-tenths of the third graders said the food is distributed

to the body. One-tenth said it goes to parts of the body where needed; 65%

specified the organs or body parts to which the feod goes; and 25% did not name

any.
Although the seventh graders are similar to the third graders in the per-
. N ~>
centage who said food goes to the body (95%), many more (62%) said food goes to

parts of the body where it is needed and seven-tenths named one or more body parts

lor organs to which the food goes.
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Table 11
DISTRIBUTION OF FOOD TO VARIOUS PARTS OF THE BODY
Catugory Kindergarten (N=20) Third Grade (N=20) Seventh Grade (N=21)
GirYs|Boys{ Total| Percent|Girls|Boys|Total|Percent|Girls Boys|Total|Percen
Food goes to all
. Parts of body 1 2 3 15 4 3 7 35 6 5 11 52
Food goes to .
ts of body 0] 0 0 0 1 1 2 10 6 7 13 62
where needed
- One or more parts -
or organs specified 3 7 10 50 7 6 13 65 7 8 15 72
. .
" Food goes to un-
specified s o 0 0 0] 3 2 5 25 0] 0] 0 0
.0f body .
Total: mention of
. . i
distribution to 3 2 lo | 2 50 10 8 18 90 9 |1lo 19 95
body
No mention of . )
distribution to 7 3 10 50 0] 2 2 10 1 0] 1 5
body
\
(2) Parts of body to which food goes. All the subjects who said that the food goes
to the body were asked to name parts of the body to which the food goes, but no
attémpt was made to get a complete list from them. As a result, the numbers given
below (Table 12) are to be considered only as suggestive. -
More kindergarten boys than girls (70% and 31% re<pectively) specified the
parts of the body to which food goes, and more parts were named by boys than girls
s g

(ten, as compared with three). None of the girls mentioned more than one part of
the body, while all but ovne of the bors mentioned from two to gix parts.l (Table
12) Arms, legs and muscles (30% for each) were mentioned most frequently.
Of the third graders who mentioned specific parts, arms and legs were men-
tioned mdst frequently (45% and 40% respectively), as they were by the kindergartgn
-

subjects. They mentioned twelve other parts of the body while the kindergjartners

Although there were variations in questioning from subject to subject (in
response to individual differences), there were no systematic differences
in terms of age or sex.
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mentioned eight other parts. There appears to be no sex difference with respect

to the number of'specific parts mentioned (eleven and twelve, respectively).

%

A
Seventh graders mentioned legs Zzg%), muscles and heart (33% each) most

frequently. More of them mentioned !

e heart than do the younger subjects.
« .

Both boys and girls mentioned from oné to five body parts or organs to which
the food goes. A total of Een body Parts Or-organg were mentioned by seventh
graders (eight by girls, nine by boys) .

A few subjects, at each age level, spontaneously mentioned parts of ;pe bbdy
to vaich the food did not go and sometimes also explained why. (see pp. 61-62)
Tﬂey tended to mention the head, or parts 1ocate8 in or on the head (brain,
mouth, ears, hair, nose, teeth). Others mentioned arms, throat,*knees, finger-

nails, toenails, knees, bones, shoulders.

LS

Table 12
SPECTIC PARTS OF BODY TO WHICH FOOD GOES
Part of Body Kindergarten (N=20) Third Grade (N=20) Seventh Grade (N=21)
x
‘ Girls|Boys|Total|Percent| Girls|Boys|Total |Percent éirls Boyg Total Fercent

Arms 1 5| e 30 5 41 9 45 3 1] 4 19
Legs 0 6 6 30 6 2 8 40 3 3 I 29 _
Muscles 1 5| 6 30 2 | 21 4 20 2 | g yi 33
Heart 0 1| 1 5. 3 1| 4 20 4 131 7 33
Brain o | 2| 2 10 3] 1] 4 26 2 |1l 3 14
Bone's 0| o]l o] o o | o] o 0 1 |4 s 24
Feet 1 1| 2 10 0 2| 2 . 10 o ol o |- o-
Chest/Trunk 0 ol o 0 1 ol 1 5 1 | o ;%i
Head 0o |.2 2 10 2 1 3 15 2 | o] o 0
Hands 0 1] 1 5 |1 ol 1 5 0o ol o | o
Lungs 0 o| o 0 o 0 o0 0 1 1] 2 10
Eyes 0 o| o 0 1 o] 1 5 o 1ol o 0
Fingers 0 2| 2 10 1 1] 2| 10 o | 1] 1 5
Toes 0 o| o 0 1 1| 2 10 o | o] o 0

0 o 0 0 of o 0 o 1] 1 5.

0|, 1, 1 5 1 1; 2 10 o ol o 0

0 o] o 0 0 2| 2 10 9 | of o 0

‘!,
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(3) Raoute of food distribution. Twice as many kindergarten subjects said that

food went to various parts of the body as were aware of the way in which it gets
" there. Thus,” one-quarter said, either spontaneously or in “esponse tc guestion-
ing, that the food went to the body via "pip_es," "nerves," etc.-~-their names for
blood vessels or bloodstream. (Table 13) Fifteen percent said it moved from
the stomach and one subject, that it moved from "a pipe" (intestines) into the

hloodsteam. Only one mentioned a component of the nutrients—-vitamins.

‘ Table 13
’ MOVEMENT OF FOOD INTO THE BLOODSTEAM
Catégory Kindergarten (N=20) Third Grade (N=20) Seventh Grade (N=21)
Girls|Boys| Total| Percent| Girls|Boys| Total|Percent|Girls|Boys|Total|Percent
Process specified 0 0 0 0 0 0 0 0 0 1 1 5
components of
P 5 1
nutrients specified 1 0 1 3 0 0 0 0 6 1 52
Move into bloodsteam:
from stomach o | 2 3 15 2 |4 6 30 4 | O 4 19
from esophagus
0 0 1 5
and stomach 0 0 0 0 0 0 0 1
from intestines 0 1 1 5 2 4 6 30 2 3 5 24
from large 0 | 0 0 0 o | o 0 0 o | 2 2 10
intestine
from small 0 0 0 0 0 0 0 0 3 1 4 19
intestine
from liver 0 0 0 o | o 0 0 0 0 1 1 5
from trachea 0 0 0 0 0 0 0 0 0 1 1 5
lecation 1 | o 1 5 1 |o 1 5 o | o 0 0
unspecified P
’ £
Movemert implied o | o 0 0 1 | o 1 5 o |o ) 0
"Waste" /food goes i
4 “o blood 0 0 0 0 0 0 0 0 1 0 1 5
s
Total: Movement
“into blood 1 4 5 25 6 8 14 70 10 9 19 91
- O .
,.. \\\_/5 41 .
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A large proportion of third graders (70%), as compared with kindergarten
subjects, indicated%that the bloodstream was the means of transport of food to
the body, suggesting greater sophistigation on their part. Three-tenths said
the food goes into the blood frum the stomach, and the same percentage said it
goes from the intestines. (Table 13)

Almost all the seventh graders (91%) said that food is distributed to the
body via the bloodstream; it was unclear what the route was for one, and one did
not mention distribution of food to the body at all (Table 13) One subject des-
cribed the bloodstream as follows: "...it's like a street, the bioodsteam is
lixe a street and the food is like the cars, and then the bloodstream just
carries it."”

Of those who said the nutrients were distributed via the bloodstream, only
one specified the process as "diffusion." (Table 13) Fifty-two percent specified
one or more components of nutrients (e.g.,0ils and fats, carbohydrates, vitamins,
minerals, proteins). Eighty-five percent specified the part of the digestive
tract from which the nutrients moved into the bloodstream. Most frequently
mentioned were the stomach (19%), ;he intestines (24%), and the small intestine

(19%) .

(4) Porm in which food is transported. Wwhen asked what the food was like when

it was in the bloodstream, one-tenth of the kindergarten subjects indicated it
was in liquid form (e.g., "red blood") and 15%, in solid form, e.g., "little
pieces of pizza," "mea:t" {indicating that it was like flesh under the skin) or
mushy pieces of food. (Table 14) Of those (one-fifth) who did not specify the
route, two said mushed-up food, and the others said, possibly in the form of
pieces of food.

Twice as many third graders as kindergartners were able to descraibe the

ferm in which the food was when in the bloodstream (50% and 25% respectively).
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(see Table 14) Three-tenths said it was im liquid form, e.g., "a little bit

i

of blood," "blue like blood," before "it hits the air and turns red." One-fifth
said it was in solid form. The most graphic description was "like three worms
crushed together with deer meat." Others said "little pieces of chicken," or

"mish,"

“r”
Table 14
FORM IN WHICH FOOD IS DISTRIBUTED TO BODY
Category Kindergaxten (N=20) Third Grade (N=20) Seventh Grade (N=21)
13
Girls BoyJ‘Totél Percent | Girls| Boys| Total| Percent |Girls{Boys|Total|Percent
"via bloodstream: : \
liquid-clear/red/ 0 2 2 10 2 4 6 30 7 5 12 \57
like blood/blood
solid (total) 1l 2 3 15 3 1l 4 20 2 1l 3 14
very small pieces/ . ,
icles 0 0 0 0 0 0 0 0 ' l 1l 2 10
F L
pieces of meat/
food/chicken 0 1 1l 5 1 1l 2 10 0 0 0 0
"meat™ (flesh) 0 1l 1l 5 0 0 0 0 0 0 0 0
mushy /mishy 1 | 1 5 2 | o 2 10 o | o 0 0
pieces of food
mixture of liquid
and pieces of food 0 0 0 0 0 0 0 0 1 0 1 5
cells, molecules, o |o 0 0 o | o 0 0 1 |3 4 19
microscopic
Total l 4 5 25 5 5 10 50 10 9 19 91
) s
Route unclear--pieces , | , 0 0 o | o 0 0 o |1 1 5
of food
No route specified-- 2 2 4 20 1 0 1 5 1 0 1 5
mashy, etc.
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More than half of the seventh graders (57%) said the nutrients went into the
bloodstream as a 1liquid (e.g., like blood, or blood); 14%, that they were in *
solid form or a mixture of solid and 1iqﬁid; and 19%, that they were in the form
of "cells" or "molecules" or were "microscopic." (Table 14) The one subject
who was unclear about how the food was transported to the body thought it went
in the form of pieces of food.

Compar ing the threé age groups: with regard to the bloodstream as the route
by which food/nutrients is distiibuted to the body, the third graders were more

similar to the seventh graders than to the kindergartners. Although some seventh

graders are still under the impression that the food, when §n the bloodstream,
£

is in solid form, as are approximately the same proportion kindergartnersland
third graders, a much larger proportioﬁ of sev ath graders than younger subjects
say that it is in the form of a liquid or of microscopic cells or molecules. As
one seventh grader put it, "I can't imagine a piece of lasagne floating around
in the bloodstream."

Although the numbérs are very small, there is a slight suggestion of a sex
difference at the kindergarten level, more boys than girls being aware of the
distribution of food to the'body and of the bloodstream as the means of trans-
vort. That there also are more boys than girls who specified parts of the .body
g? which food goeé, as well as the number of parts per sq?ject mentioned, suggests
£hat kindergarten boys may be mora knowledgeable about parts of the body and the

role of the bloodstream in the distribution of food to the body.

Ser . .
There appear to b€ no sex differences at the- third or seventh grade levels.




—— o f. ° Reasons for eating.

When asked, "Why do you eat?" the subjests of all ages tended to talk about
the end product of eating ~- mainly, growth, strength, energy;  health agd being
alive. *

Most of the kindergarten subjects,mentionad only one reason for eating, and
a few, two or three. Most frequently mentioned were growth (55%) and strength
{40%).. (Table 152 Being strong almost always meant to them that "muscles get
bigger." "It (food) builds up the musclesfm One child said, strong means "like
you can pun;h really hard.”

To grow was interpreted as "getting bigger," growing up; age and size are
sometimes confused. Fifteen percent indicatéé that eating was necessary in order
to stay alive, e.g., "'cause if you don't eat, you die very quick" or "so you
don't die." Only 35% said that they ate because they were hungry and one child

mentioned that he ate because it was time to eat. None said that they ate because

they enjoyed food although, when reminded that they had said they liked certain
fooés, they agreed that this was a reason for eating.

Most of the third graders mentioned two reasons for eating. They mentioned
energy moft frequently (50%) and to keep alive (40%). (Table 15) The latter
was usualiy expressed negatively -~ "so you won't die." Although they did not

know what energy was, they knew what it did. When asked, one subject explained

that eating "helps your brain...and your heart...It feeds the brain and it makes

it (the heart) pump...It makes you energy or makes you think faster." Some saw

it in terms of physical activities, e.g., food "makes a lot more energy to do

stuff...like to run." Or "like so you can get up and walk around--not just sit

in bed all day and can't get up." Others, in terms of mental aqtivities, e.g.,
)

"If I eat now an apple and I'll have enough energy for three hours of reading,"”

or "So ;;ll know things better. like so that more food will go up to my brain."

5 P

Q. 45
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"Wms—MEMe&m&hw-fmmtiy —(10%)-than-by—the kindergarten——
subjects. Eating in order to be healthy.(20%), for strength (30%), and in order
to function (204 were also mentioned. Only one-fifth said they ate because they

were hungry, but some (15%) said they ate because they enjoyed food.

v

mable 15 -
. REASONS FOR EATING . '
Category® Kindergarten (N=20) Third Grade (N=20)  |Seventh Grade (N-20)2
Girl;r Boys lrrotal Pexrcent| Girls| Boys| Total| Percent| Girls| Boys| Total|Percent
End Products
Growth 5 16 | 1nn 55 o |2 | 2 10 5 | 2 7 35
Strength a |4 8| 40| 3|3 | 6| 30| 36| o a5
Energy 1 |o0 1 5 s | s | 10 50 2 |4 6 30
To stay alive 2 | 3 15 3|5 | s 40 | 6 |5 | n 55
Health 2 |1 3 15 | 2] 2 4 20 2 | e 8 | 40"
To function e o 0 0 3 |1} 4 20 2 |1 3 15
Fuel for body oo 0 o| 0] o-|o 0 o |1 1 5
Hunger . 3|4 7 35 | 3114 20 6 | 7 | 13 " 65+
Enjoyment/taste ol o 'y 0 o] 33 15-1 3 |1 4 |. 20
Time €5 eat o |1 1 s {.-00fo0o o 4\0 o fo o |- o
" Parents say so o | o 0 0 o 07| o \Q»( 1|0 1 5

1 These are overlapping categories; a subject may mention more than one.

2 One girl was not asked, "Why do you eat?" L , -

.

Eating to stay alive was mentioned most frequently by sew;enth g}.'aders' -
, (55%). As compared with the third graders, they‘ténded to uée positive, father .
than negative terms to explain what being alive meant; e.g., "The minerals and

stuff keep the'parts of the body that-need it working.” Gi:owtﬁ was not mentioned
/
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by as large a proportion of seventh graders (35%) as of kindergartners, while - - - i

energy was mentioned less frequently (30%) than by third graders.

A large proportion (65%) mentioned hunger as a reason for eating., Here,
they seem to be more in touch with their own feelings and motivations than
éither the kindergarten or third grade subjects, who seem, for the most part,
to‘be parroting what they were told by adults. oOne-fifth also said they ate
because the foodbtasted good or they enjoyed eating,\ Only one mentioned eating

N

because of boredom, or for social reasons--"when I'm with my friends, we all

.

buy a pizza; you know, I take a slice too." (

’ v

In general, the seventh graders tend to give more reasons (usually thr

to five), as well as more elaborated responses to this question. For exampl

~

one said s/he ate "for energy...because of all the vitamins and stuff in jt...

It makes you like active so all the time you don't want to just sit down on the

sidewalk." Another said, "So you can be healthy and you don't just dehydrate...

It (food) supplies the necessary things for the body to live on. The cells need
. —~

food."

|

. There are age level differences in the reasons given for eating. Most
frequently mentioned by kindergartners was growth; by third graders, energy; by
seventh graders, hunger. Third and seventh graders are alike in that life and

strength are ranked second and third, while, for kindergartners, strength and

A £y

hunger are. ¥
hy .

Thus, the influence of parents and/or school seems to be predominant here,

eVen for the Youngest, and perhaps, the desire the give the "right" answers. At
the same time, the most frequently mentioned reason at each age level-~growth for

the youngest, energy for the tnird graders, and (aside from hunger) being alive .

for the seventh graders--may have Psychological meaning for each of these‘stages
] . ) . .
of development and may, therefore, turm out to be age-related, in a larger sample.

. -




g, Comprehensiveness of overall concept of the _
digestive-eliminative-assimilative process. / -

. The nine summarf statements presented in Table 16 include the most salient
elements tﬁat ch;ractérize the r;sponses, ranging fxom the lfLst to the most -
differentiated and sophisticated. ' Summary 1 presents the most. elementary, naive
view of these processes.l' The most important elgments in this view are underlined.
In the remaiging eight summar{es, the elements which are addéd are underlined to

-/;L/”ﬁmpha;;ze the differences. These additional elements are given more or less in age-

related order (from kindergarten to seventh grade) as they occur in this sample.

»

Thus, the sequence indicates.inéfeasing complexity and differentiation of concept.2

!

Table 16
SUMMARIES OF OVERALL CONCEPTS OF THE DIGESTIVE-ELIMINATIVE-ASSIMILATIVE PROCESS

1. The food goes to the stomach and stays\there (in some cases going through

the pipe/esophagus on the way). In some cases it underdoes a change in sgize. It

may be used by the body for. growth, strength, héalth, to stay alive, etc.

2. The food goes to the stomach and stays‘t:Z:e (in some éaées)going through

the pipe/esophagus on the way). It undergoes a change in size, goes to various

ts of the body, and is used by the bedy for growth, etc. R

3. The food goes to one or more parts of tne gastrointestinal tract, where

it undergoes changes in size andfor consistency, as a result of mechanical/muscular

and/or digsolving astion. It is eliminated from the body by defecation and (in

< .

mos8t cases) is used bi the body for growth, etc.

4. The food goes to one of more parts of the gastrointestinal tract, where

»

it undergoes changes in size and/or consistency as the result of mechanical/

muscular and/or dissolving action. It either leaves the body by vomiting or is

~

In order to.limit the number of Summaries, each Summary contains one or more

’ elements which may not have been included by all the subjects who expressed
the overall concept. (See Table 17) Here, this is indicated by "in some" or
"most" cases or "may" or "usually." - '

2 Except for Summary 4, which is mixed--édvanced in one respect and retrogressive
in another.

IToxt Provided by ERI
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.

ot *
not eliminated at all.,K It is distributed-in the bloodstream to various parts of

the body and is used by the body for growth, etc.1

5.,)kxxi goes to one or more parts of the gastrointestinal tract where it
undergoes changes in size and/or consistency as the result of mechanical/mascular
énd/or dissolving action. It is eliminated from the body by defecation. It goes
to various parts of the body and, in mos; cases, is used by the body for growtﬂ,
etc. (Although n; new element is added, this differs from all previous and sub-
sequent versions.)

6. Food goes to one or more parts of the grastroinestinal tract where it

undergoes changes in size and/or consistency as the resuit of mechanical/muscular

and/or dissolving action. It is eliminated from th:o body by defecation. It is

distributed in the bloodstream.to various parts of the body, and in almost all cases,
. . .

is used by the body for growth, etc.

7. Food goes to one or more parts of the gastrointestinal tract where it

undergoes changes in size and/or consistency as the result of meghaniqal/ﬁuscular

A

and/or dissolving action. The nutrients are separated from waste. Elimination (of

what ;s usually called "waste") takes place by defecation. The nutrients are dis-
tributed(in the blocdstream to vurious parts of 'the body where (in almost all cases)
fthey are used by the body for growth, etc.

8. Food goes to one or more parts of the gasérointestipal tract Qhere it
undergoes changes in size and/or consisteﬁcy as the result of mechanical/muscular

or dissolving action and where chemical2 agants may produce changes, usually in

Y

size and/or consistency. The nutrients are separated from waste. Elimination
takes place by defecation. The nutrients are distributed in the bloodstream to

various parts of the body whu-e {in almést all cases) they are used by the body

Distribution in the bloodstream is advanced. It does not occur again until .
Summary 6.,

2 "Chemical" is used very broadly here to include the mention of "digestive"

juices/acids/chemicals and pancreatic or gastric juices.
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for.growth, etc.

9. FPood goes to one or more parts of the gastrointestinal tract where it.
undergoes changes in size and/or coasistency as the result of mechanical/nuscular
or dissolving action and where chemical agents may produce changes, usually in size
and/or consistency. The nutrienté are separated from waste. Elimination takes

.

place by defecation. The transformed nutrients are distributed in the bloodstream

to various parts of the body and are used for the creation of new cells (growth)

or oxidized in the cells to produce energy.

Table 17 presents the number and percentage of subjects at each age level

whose overall concept fits the Summary descriptions given in Table 16.}
Table 17 '
COMPREHENSIVENESS OF OVERALL CONCEPT OF DIGESTIVE-ELIMINATIVE-ASSIMILATIVE PROCESS
Summary # \ Kh)dtrgar:'ten (N=20) [third Grade (N=50) | Seventh Grade (N=21)
‘ ’ | Girrl Boys frotal] & kirls BoyJ Totall 3 Girl-sl Boys frotal] s
1 2] 1 | s{is{w]1] 1's]-0lo |o]a.
z - - 2 1 3 {15 o] o 0 o o | o 0| o
3 5 | 2 Zed 35 | 0 ] 2 1| s| 110 1{s
4 ] o | 2 2 1ol 2] 2 4 [20] o | o ol o
5° 1 1 2 |10 3 0 3 |15 0 0 0 0
6 4 o f 3 3|15 | 2] s 7 13| ol o o o
7 ol o oo | 311 4 20| 4 | 2 6 |29 _
8 0 0 0 o | o 0 0 0 4 5 9 |43 ‘
9 o| o ol of o] o of{ o} 23 5 | 24
Total "10 |10 |20 ftoo |10 {10 | 20 froo| 11 ’10 21 po1

Overall concepts peld by kindergarten subjects range over a broad area from
the most naive and undifferentiated (summary 1, 15%) to a rather sophisticated and

complex view (Summary 6, 15%). The average imedian) overall concept (Summary 3,

/
1 See footniyte 1, p. 41.

—
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held by 35%), includes changes in the size and/or consistency of the food as a
resu.t of mechanical/muscular‘and)or dissolving action in one or more parts of the
gastrointestinal tract, elimination of solid waste, and the utilization of food
for growth, health, etc. .

The overall concepts held by third graders cover an equally large range,. from
the most naive (Summary 1, 5%) to an even more sophisticated view than that of the
kindergartners (Summary 7, 20%). The median overall concept (Summary 6, held by
35%) is that of the most sophisticated kindergartners. This adds to the average
view of kindergartners the distribution of food via the bloodstfeam to various
paxrts of the body. .

The seventh graders differ from the younger subjects in that the range of

concep?s held is much smaller. The median overall concept (Summary 8, held bf 43%)

adds’to the average concept of the third graders chanées in food by means of

chemical agents, the separation of gutrients from waste and distribution of nutrients

to the body via the bloodstéeam. The most sophisticated and differentiated con- \\,,
cept (Summary 9, held by 24%) includes awareness that nutrients are transf?rmed

into new cells and energy.

Summary of Age Group Patterns of Similarity end Difference. (1) There is an injf’.

crease in homogeneity of overall concepts with age. The kindergarten subjects
show the greatest vériability in overall concepts and the seventh graders show

the greatest degree of homogeneity of overall céncepts. (2) The third graders are
similar to the kindergartners in their overall view of the digestive-eliminative-
assimilative‘process in that 85% of the kindergarten subjects and 80% of the third
graders express zhe views delineated in five of the Summaries (#1, 3, 4, 5, and 6).
/They also show some of the same coﬂtradictions and confusions 'thich are inherent

in the concepts of some kindergarten subjects, namely: X

(a) All the: food stays in tbe stomach. At the same time, it helps
make you bigger, stronger, etc. (Summary 1)

n
.
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(b) No connection between intake and outgo is menticned (except, in a
few cases, via vomiting) as though it were possible for all the
food that is eaten day after day to remain in the body.
(Summaries 1, 4)

{c) Food is described as going to various parts of the body by some
subjects, although they have no’idea of how it gets there.

They differ, however, in that a greater proportion of third grade subjects
(35%) than of kiﬁdergarten subjecgé (iS%; express the most sophisticated overall
view (Summary 6). In addition, one-fifth of the third graéers exprass the overall
concept as enunciated in Summary 7. (3) Alt;ough approximately the same proportion
of third graders (20%) and seventh graders/}29%) describe the digestive-eliminative-
assimilative process as ;xpressed in Summarf 7, all but one of the remaining seventh
graders (67§f are -alone with respect to Summaries 8 and 9.. Thus, not only are the

seventh graders' concepts the most comprehensive, but also they are the only ones

1
!

whq'include the assimilative process. g

: However, differesces between.third and sevenéh graders are Aét so great as
the figures indicate with regaxd to kndwledge and unders%anding. Althéugh seventh
graders are cognizantu(and the third graders are not)unf chemical agents (digestive ‘
juices, etc.) only a few are aware that tge traﬂsformed nutrients are used for the~

creation of new cells, and only one; that they are oxidized in the cells to produce

energy. &

h. Effects of not eating.

/

Kinderwtarten subjects. In response to the questioé, "What would happen if you ¢

stopped eating altogether?" 55% of the kindergarten children did not mention dying
at all. (Table 18) Many of them (67%) said such things as: you wouldn't’get

strong, healthy, bigger, grow up (would stay little). Other responses appear to be
expressions of theii own experience: "If you don't eat, you'll be hungry." "Your

Bélly would growl and pound." And one involves the confusi&n of size with age--

“"You would get smaller--turn into a baby."




, Table 18
EFFECTS OF NOT EATING

Category Kindergarten (N=20) | Third Grade (N=20) Seventh Grade (N=21)
Girls boys Tota{ % | Girls Boys |[Total] % | Sirls [Boys [Total] %
You would die 1 |s 6 [30] 7 |9 |16 |80] 10 |10 |20 |95
You might (or i
o robably) dte 2 |o 2 o]l 1 lo 1} 5] 1 o{ 1| s
o mention of 6 |s |11 ]ss| 2 |1 3 {1s5| o ol o] o
dying
NO answer 1 0 1l S 0 0 0 0 0 0 (v} 0
Total 10 {10 |20 {1oo0{ 10 po |20 floo| 11 |10 |21 phoo

’ 4
Third Graders. Most third graders (85%) mentioned ¢ :th when asked, "What would

-

happen if you ztopped eating?" (Table 18) Those whe»?id not (15%) mentioned such

things as getting weaker, unable to move.or walk, getting skinnier.

Seventh Graders. All the seventh graders mentioned death when asked, "What would

happen if you stopped eating altogether?" (Table 18) 1In addition, many described
[}

processes that preceded death, e.g., decay or dehydration of the body, getting

skinnier. The most detailed description of the process involved deterioration of

the body "because you don't feed the right nutrition to the parts of your body\and

then the bones won't be strong enough and they may preak."

The Interview--Summary of Results. There are age level differences with respect

to khdhledge of facts (not necessarily accurate) about the functioning of the
digestive system as_follows:

(1) An increase with age in knowledge of where the food goes after it

is swallowed and the sequence in which it moves through the organs
“of, the g&strointestinal tract. -

(2) An increase from kindergarten to seventh grade with respect to the
number of major digestive organs and body parts mentioned; the number
of other organs and body parts related to the digestion and distrib-
ution of food and elimination of waste mentioned; and from kinder-
garten to third grade only, in the number of organs not related to
the digestive system. '

-

N
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(3) The major age level difference ‘with regard to processes by which
food moves through the gastrointestinal tkact is that only seventh
graders mention muscles or contractions. There is an-increase from
kindergarten to third grade in the mention of slipping/sliding.
Virtually all subjects mentioned swallowiing.

(4) There is an increase with age with respegt both to the numbex of
organs and body parts in which digestive| processes take place and
the number and kinds of processes that are mentioned. The biggest age
difference is in the mention of chemical processes by seventh
graders only.

(5) There is an increase.between kindergarten and third grade only in
the percentage of those who gsay that food is distributed to the _
body. The percentage of third and seventh graders is virtually the
same . , . *

(6) There is an increase with age in mention of movement of food/
nutrients into the sloodstream.

“

(7) There is an increase with age in the percentage of those who say
that food/nutrients is in the form of a liquid when it is in the
bloodstream; and jn the awareness that the bloodstream is the route
by which food is transported to the bpody.

(8) There are age level differences in the most frequent reason given
for eating: kindergarten, growth; third grade, energy; and seventh
grade, hunger. ‘ -

(9) There is an increase with age in homogeneity of overall concepts of
the digestive-eliminative~assimilative process. The degree of
variability in overall .concepts is greatest among kindergarten cib~-
jects and least among seven graders. )

(10) There is an increase with age in awareness that cessation of eating
results in death.
There are virtually no sex differencas with regard to the above.

2. .Conceptual Framework ¢
The leading questions in the interv%ew\zfre aimed at find-

ing out what concepts the subjects had of the various aspects of the digestive-
eliminative—assimiiative system. The focus was on what happens to food from
intake to outgo, whether or not and how it is distributea to and assimilated by
the body; why food is netessary; and the effects of cessation of eating.

Other questions were designed to stimplate the subjects to give explaﬂations

and also to find out what kinds of data and cues the subjects used when asked for

.
n
YN
‘
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éiplanations of their respoﬁses; e.g., whether they made use of what they had
been taught (formally or informally), whether they based their explanations on
their own experiences, or their imaginatiuns. The kinds of explanations they gave

.

were expeciéd to pro;ide clues to the nature of their understanding of the digestive

system and the assimilation of.food. ) ) . °
There are only a few questions which elicited enoﬁgh explanatory responses

to make it possible to discern patterns of responses.i There are four areas:

a. Explanations given in relation to the reasons for eating;

b. Explanations of what makes food change in color and size/consistency
during digestion; .

© C.. Explanations of why food does not go to specific parts of the body;
and

d. Nature of the understanding of the transformation of matter into
energy and other matter

a. Explanations Related to the Reasons for Eating. The question, "why do you eat?"

produced a variety of responses and is the richest source of explanations. since
the content of the responses varied from subject to subject, the content of the
explanations of these responses also varied. The kinds of explanations covered
are: “ how ;aéing keeps you alive, makes you strong and/or healthy, gives you
energy, and élso how you know you are growing and how you know you are hungry.

Because of the character of the responses and some differences in questions
to kindergarten subjects, it seems more appropriate to reverse the order of
presentation, starting with the oldest instead of the youngest.

(1) How food keeps you alive, makes you strong, healthy, and helps
you grow

Seventh Graders. Eighty-six percent of the seventh graders were asked, "How does

Not all subjects were asked these questions. Questions were sometimes omitted
for the younger subjects because they were unable to sustain their attention,
for very talkative ones, or becazuse of the pressurxe of time.




food keep you alive?" or whichever question was relevant to their response. One-
third of these attempted to use one or more physiological facts to explain how the
food does whatever tﬁéy sa;d it did. (Table 19) Almost all mentioned "cells"--
strengthening of{ reproduction of, growth of. For example, "The food helps the
cells of your body...It helps them grow...that's how you grow--the cells multiply."
Others introduced the heart and its role, e.g., "It (food) gives your heart energy
to pump and so the blood goes around and gives your other parts of the body oxygen
SO you can move, you can eat." One of these also used an analogy, "...the body,
lixe, burns it up...It's like a fuel, kind of." Some responses regarding how food
keeps you alive were not responses to the question, i.e., they would say that food
makes you st§ong or healthyj and some were non-explanatory, e.g., the cells would
"Just die off" (if you didn't eat).

The largest proportion of responses (44%) had to do with thewnged for specified
>

nutritional elements. For example, "'Cause of the vitamins, the minerals and ;he

~
N

calcium, the iron, too, keep my body going, running.”

Twenty-eight percent m:rely described the effects of eating or not eating. ,

'

For example, "Like breakfast. Breakfast is one of your main meals and you're
.

supposed to eat because..it makes you..no% like you're dead in the morning...And

you need it in your body. You need that first bit of food."

Table 19
HOW EATING KEEPS YOU ALIVE, MAKES YOU STRONG, HEALTHY, AND HELPS YQU
GROW--SEVENTH GRALDE

-

Categoryl ?;:;? ?g{io) f;:i;)z Percent
Use of physiological information 3 3 6 33
Analogy 0 1 1 6
Need for specified components of food 3 5 8 44
ef fects of eating or not eating 0 5 5 28

1. These are overlapping categories. Percentages do noL totél 100%.

2. Three subjects were not askad this question.

-y
\l'
-
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Although their responses were often based on facts which were more or less
correct and relevant, seventh grade subjects did not explain the processes by

which the effects they mentioned were achieved. Sometimes their responses were »

vague and superficial. For the most part, their responses indicated that they

reallj did not understagd what took place, iﬁ physiological terms.

Third Graders. The third graders' responses to the questions, "How does the food

keep you alive?" etc. are so varied that they are difficult to categorize. Thus,
there are often as many variations within categories as there are subjects--
particularly the first two categories.

Of the nine-tenths who were asked one cf these questions, 39% gave sore
version, usually more specific, of "The body needs food." (Table 20) The moét
specific, in several ways., is the following: "Because it is good for your muscles.
When you get muscles that means that...you're getting stronger because you're
eating more foods...and then..say you're a weak guy, you can lift up heavy things
because you have been eating meat...The meat goes to your muscles and it helps you
lift things, to do things that you may not have done before." Or, "It (food) feeds

L]

the brain. It makes it (the heart) »ump."

Table 29

HOW EATING KEEPS YOU ALIVE, MAKES YOU STRONG, HEALTHY, AND HELPS YOU
GROW--THIRD GRADE

Categoryl 7;:;? ?;Z;) (£:§2§2 Percent
* Body needs food3 6 1 7 39
Food goes to/travels through body-- 5 0 5 o8
to all or specific parts
Food turns irto skin, bones, »nd/or blood 1 1 2 11
Calories give you esergy 1 0 1 6
Components of food mentioned 0 1 1 6
Repetition of original statement 0 1 1 6
"Don't know" 1 5 6 33




1. These are overlapping categories. Percentages do not total 100%.

2. Two subjects were not asked this question.

3. Includes general statement or one or ,all general or specific part(s)
of the body, food(s) or function(s).

Twenty-eight percent of the third graders said that food goes to/travels
through the body--in some cases, to all the body--"It travels all over your body

in those tubes"--and, in some, to specific parts--"'Cause if you eat a fruit
it goes to your arms, and then, like, it gives you more strength." .

Another said that food gives you palories and calories give you energy. "I
eat an apple and the calories, thay get, you know, so you can move." (“Caiory?")
"Fat...if I eat now, I'll have enough energy for three hours ef reading, of play-
ing, and many things." Or, more sophisticatedly, "well, maybe some (food) stay
iﬁ\one place and‘then it travels to another place in the body and then it stays
'in it and it gets into the stuff...The things that are at that place...it will
turn into-this stuff that's there."” {?) "Blood, skin, bones," These last two
quotes indicate that these subjects have some idea, primitive as %t is, that food
is somehow turned into matter or energy.

Because many more boys than girls said”they did not know, more girls gave

substantive responses. Many more girls (N=5) than boys (N=1) said that the body

needs food, either simply or more complexly. Five girls and no boys said at

the food travels to your body (all or specific parts) in order to keep you alive,
b

etc. In addition, many of the girls' respcnses were fairly detailed, while the

three boys who did answer the juestion did so in short, simple statements.

Kindergarten Subjects. All the kindergartners were asked either how the food

helped them grow, stay alive, etc., or where appropriate, "How does the food get

—
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to where it's‘suppoFed to be in order to keep you alive, etc."l’ 2 Many more
questions were asked of them than of the older subjects in order to stimulate

them to respond. Seventy percent responded substantively; the rest said they

) didn'tvknow. ”(E;bié iijr dﬂe:fifﬁhvsaid that food had vitamins, but gavé no

indication of how that made them strong, etc. One-tenth said that food builds
up the muscles. Wwhen asked how food built yp the muscles, one said, "It gives
you energy," and, when questioned furt29;4/Zaid her mother told her it would make

her strong. The othe} said she didn't know.

In response to the question, "How does the food get to where it's supposed to

."

be in order to make you healthy, etc.," one-fourth said that it travels around or
goes to your body, the muscles or the stomach. When asked how food stopped hunger,

one gave a quasi-animistic response,3 "When I eat food...the body like chew(s) it

.

up and then it takes a rest...And then, when it stops resting, it gets up and starts

growling for\more."4 Two gave idiosyncratic responses. One de :cribed a TV show--

"In a show there was a littleman." (?) "He's small." (I.: "w£at has that got
to do with eating?") "He didn't eat." That is, if you don't eat, you don't grow.
The other, when asked how the food gets to where it has o go in ordef for him to
grow, said, "It goes to your brain.” (?f J'Cause there may not be grayity in -

your mouth." (I.: "Does it go any piace else?") "The gravity makes it go down."

- a

As a result, some children who had not previously said anything about the food
going to parts of the body, revealed that they knew this andfeven, in some
cases, that it went via the bloodstream.

Because these children were so young, the order of questiornls was changed to

suit individual needs. Most of the children who had said they ate in order to
grow or because they were hungry were asked how they knew they were hungry or
growing before they were asked how food helped them grow, or how it stops hunger.

Defined for the prrpose of this study as '"couched in animistic terms." It
does not necessarily imply that the subject conceives of the stomach "as
living and endowed with intentions." (Piaget, 1967, p. 26)

‘ \
4 The word "like" in this quote is not taken to mean "similar," since it is
used by all subjects indiscriminately, with the curr.nt non-meaning.

oJ




(?) "To your stomach."
Most of their responses are, in some way or other, relevant to the questions
asked. But no connections are made, even when further questions are asked, and

no explanations given,
s

Table 21

HOW EATING KEEPS YOU ALIVE, MAKES YOU STRONG, HEALTHY AND HELPS YOU
GROW~~-KINDERGARTEN .
1. Girls (,Boys |Total |Percent
Category (N=10) |iN=10) | (N=20) ‘
. ! o
Components of Food (Vitamins) . 3 1 4 20 .
Food travels around and/or goes to your body, ) ’
N 5 1 4 5 25
or to specific parts .
Food builds'up the muscles$ . 1\ 11 2 10
Quasi-animistic _ N 1 1 5
> ’ T ’
[ = ’
Other ‘ - 1 2 3 15
*Don’'t know" : L 4 2 7 6 36

1. These are overlapping categories. Percentagés do not total 100%.

4

It is clear from their responses that children of all ages were given informa-
tion relevant to these questions, at scpool and/or at home. The seventh graders
learned about the-digestive‘system‘in school. From their éesponses and what tq?y
told us, the third graders seem to have leArned something abou%rnutrition (what they

call "health")in schcol. Tie kindargartners were apparéntly told something about

the important components of food and that the food goes to various parts of the

body .

»

N~ Thus, the seventh graders are more knowledgeéble. But even Ehose“who gave
responses based on physiological information, give little indication that they
p .
understand the complexities of the assimilative process. Their respons:s are also

more homogeneous. The third graders' responses are more varied. They know more

than the kindergartners, but their explanations tend to be literal interpretations

El{l{c- - e ‘)3’




bf what they have been told. After much probing, the kindergartners tell you
what they knovfwhich is, necessariiy, very little, but make no effort to explain
what they ;aid. Possibly bec?use of the meagreness of their knowledge, their
responses are more homogeneous than those of the third graders,

v

(2)‘ How you know you're huigry

When' asked, "How do you know you're hungry?" the responses were, of

necessity, of a different order from those described above.

' Seven££ Graders. Of the twelve seventh graders who were asked, almost all (92%)
gescribe% intra-body sensations (usually sounds or pains in the stomach). (Table
22) For example, "paiﬁs in your stomach.’..your stomaéh growling...your\throat
is d?y." Onéith;rd gave reéponses which mighé be c;nsidered quasi-animistic.

The stomach, the brain and, in one case, nerves, are usually cited as'parté of the
body that "tell" them they're hungry. For example, “...like nerves.;.it's, like,

‘theye%ell you you're hungry...the nerves tell you that."

only one seven;ﬂ grqde£ meritioned a physiological fact, "I think it's (i.e., '

4
you know you're hungry)' after whatever food you've eaten finally finished being -
L] , ’ . N
digested and there is no food there" and then added, &uasi—animistically, '...and
dit's (i.e., your empty stomach) locking around for food and there is nothing

there, so it's telling your brain you're supposed to eat."

One response involved an inference from a general, non-food related feeling.

"Sometimes you ‘get tired and you can tell that you need some food." And another

L]

subject is aware of hunger because of a vague "urge for something to eat."
\




] Table 22
HOW YOU XNOW YOU'RE HONGRY--~SEVENTH GRALE

M L

- [

1 : Girls | Boys
| _Category {N=5) {N=7)| Total Percent
Intra-body sensations ‘ 5 6 11 92
- ) S
Quasgi-animnistic 1 3 4 33
Jse of physiological information 0 1 1 8
Inference ‘ 1 0 1 8
Vague - 0 1 1 8

1. These are overlapping categories. Percentages total more than 100%.
P .

Third Graders. Only four third graders said they ate because they were hungry.

All of these mentiodned intra-body sensations as indicators that they knew they were

hungry--your stomach growls, you get a stomach-ache, your stomach feels empty, you
don't feel well. One child couched his reply in quasi-animistié terms—-"It (Lhe

"thgriness) gi§e3 messages to the brain" ("Where?") "Around jour-stomach...it
grdqls like...the growling gives messages right fo the brain a;;i:;:L it gives

messages to my mouth, 'I'm hungry, I'm hungry.'"

Kindergarten Subjects. Like the third graders and most of the seventh graders,

all but one of the seven kindergarten children who were asked mentioned intra-body

sensations--stomach growls, hurts, feels empty. One said, "Because I have a funny
feeling in my mouth.” (?) "Like kind of a watery feeling...like it's water in

there." Another gave a more complex response, "When I'm in the house and leaving

- »

for school and I haven't'had any breakfast." (?) "Sometimes I run so fast that I

get hungry." (How does it feel?) "Like a hole." (?) "'Cause when I run my brain

gets hungry."
The most frequent, and to be expected, response at all age levels is in terms
of intra-body sensations. There appears to be an inordinate amount of awareness

I3

of "growling" sounds in the stomach, at all age levels. One wonders whether there
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actually is so much or if this'is gomething they were told. 1t is interesting
also that more seventh g;aders gave quasi-animistic responses than younger
subjects, since these are on a more more primitive level. We have noway of know-
ing whether these respoﬁses stem from their own qdasi-aﬂimistic thinking or from
their teachers' use of quasi-~animistic explanations, as well as analégies, to
clarify difficult concepts. On the other hand, they may be literal interpretations

' of what they were told.

(3) How you know you're growing

Seventh Graders. Of the seven seventh graders who said that eating makes you grow,

57% cited perceptual cues when asked, "How do you know you're growing?" (Table | N
23) For examble, "Well, mostly, you jusg get ;loser to your parents! heads,".and:
"Yeah, your clothes," | s ~

| Twenty-nine percent indicated that being measured was their source. "'Cause
you can tell wheﬂ you measure yourself...and, if you gét on the scale, you can tell
if you're getting fatter.” |

Two subjects (29%) responded by citing biological facts, e.g., "You knoQ

your cells ;re reproducing." On s;bject described growth in historical terms--

the relationship between age and growth. "First you're a baby and then a couple of

years later, you're bigger and wdlk and your legs get stronger so you can walk."

-

*

Table 23

HOW YOU KNOW YOU'RE GROWING-~SEVENTH GRADE - *
Category! Cirls [ Boys TTotal T prcent |«
Perceptual cues . 2 2 4 57
By measurement 2 0 2 29
Use of biolpgical information 1 1 2 29
Relationship of growth to age 0] 1 1 14

l. There are overlapping categories. Percentages do not total 100%.




-in personal ‘terms, most of them just described perceptual cues, even if they were

57

It is surprising that only two mentioned measurement of height or weight as

the obvious way to find out. It is poséible that, since the question was phrased

"IN .

’

aware that mdasurement was a more accurate way of finding out.

Third Graders.' 6ﬁly three third g;aders said that fo>d made them grow. Of these,
only two were ésked, "How do you know you're growing?" One said, "You don't." The
other said, "i measured myself once. My dad gets out the tape measure...well, we
have a éiéce of paper that says how many inches that I am in one month and then the
next one." ("How do you know you're growing?") "I see how many, how much (more?)
inches are than last time." \

«

Kindergérten Subjects. Of the ten subjects, (4 girls a1d 6 boys) who were asked,

"How do you know that you're growing?” only one said he Gidn't kiow. The others
gave a variety of answers (sometimes more than one). Four said that you grow
while you sleep or "from" your sleep. Three oé the four mentioned eating in con-
junction with sleeping, and one also said her father had toid her that. "'Cause
when you are sleeping and you eat, you grow up.é (?) "My daddy told me when you
sleep you grow.h . \

Three mentioned perceptual cues, e.g., get bigger, taller, stomach gets bigger.
One of these also mentioned weighing hersealf; another related getting taller to age.

"You're.getting tall." (?) "Wwhen someone was small and then you, then he grows

up, then you can tell."

Two mentioned measurement. "I weigh my £." (?) "Because shows differ-

ent numbers." ("Bigger or smaller?") "Sometifes big and sometimes small." °

("Taller?") "I only had that at my doctor's."
One first said he didn't know and, when questioned further, said, "I can see

it in my (younger) sister." (?) "That you're bigger than the other one." He also

said he always weighs the same but more than his sister. Thus, he infers growth

from the fact that he is taller and weighs more than his sister.

—
o
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Despite their knowledge, the responses of most of the seventh graders are not
too different from those of the younger subjects. Many meﬁtion perceptual cues
and measurement at all age levels. One seventh grader and one kindergartner men-
tioned the relationship between growth and age. The main difference between the
kindergartner and the other subjects is the kindergartner's view that sléepinq,

often in conjunction with eating, is the source of growth. This sounds very much -

-

like a misinterpretaéion of the meaning of what they were told by their parents.
The main difference between the seventh graders #nd the other ~ubjects is that a

couple of sev:nth graders cite biological informatiqn.

b. Explanations of what makes food change in color and consistency/size.

. As the children describe& the progress of food from the mouth to the‘stomach,

., several questions were asked. Among them were questions concerning the color and

consistency of the specific food they were talking about, by the time it reached
the stomach. All were then asked to explain the reasons for whatever they had said.

(1) Color of food.

y
The percentage of subjects who gave explanations of why the specific food

they had been talking about was the color th;y said it was when it arrived in the
stomach increases somewhat with age: 30% kindergarten, 40% third grade, and 52%
seventh grade. (Table 24)

Two~thirds of the kindergarten subjects who gave explanations said that the
color was dué to the effect of blood on the food, while ong-quarter of the third
graders who gave explanations, but no seventh graders, explained it this way .
(Table 24) For example, like most of the kindergartners who explained it this way,
one said, "It changes to red because...the blood gets onthe food." One of the

third graders said that the color of the food remained the same, but it Jooked red

"because the blood hits it"as it goes to the stomach.




Some explained the color in terms of some sort of mixture--of the féod and

saliva, of various foods and liquids or of the food itself.

£9

No kindergarten

subjects gaw}e this explanation, but three-eighths of the third graders and 64% of

the seventh graders did. The third graders attributed the color to a mixture of

food and saliva and also a mixture of the food itself.

\

The seventh graders gave

all_‘ three kinds of mixtures as explanations of the color. For example, a seventh

grader gsaid, "'Cause there is a lot of other foods also in the body that are mixed

together makes it a dark color. There is always soine food in the stomach...and,

when something else goes down, it gets mixed together."”

. Other kindargaftners gave three other explanations, one for each--the acticn

of the stomach, saliva and chewing.

Other third graders explained that it was the

color of the food itself (i.e., no change had taken place) and one attributed it

to germg ard gave a very confused explanation.

you know how germs can't see."

Like the kindergartners, seventh graders also

*I think it gets darker...'cause

attributed the change in color to saliva and chewing of the food, and two attributed

it to dissolving of the food.
~ '

Y

Table 24
THE COLOR OF FOOD IN THE STOMACH
Categoryl Kindergarten (Ne6) Third Grade (Ne8) Seventh Grade (N=11)
Girls| Boys| Total]| Parcent | Girls| Boys| Total| Percent | Girls| Boys| Total| Percen
Effect of blood 3 67 1 1] 2 25 0 0
Mixture: 1| 3 38 64
of food and saliva 0 1 1 13 3 3 27
:ﬁ d"ﬁ;ﬁ‘g food 0 ol o 0 0 o| o 0 2 1] 3 27
of the food itself 0 0 0] 0 2 0 2 25 1 0 1
Action of stomach 1 o 1 17 0 0| o 0 o] o 0
Saliva 0 1| 1 17 0 0] o 0 1| 1 9
Dissolving of food ) o] o 0 0 o] o 0 2| 2 18
Chewing 0 1 1 17 0 0 0 0 0 1 1
Germs 0 0] o 1 0] 1 13 0 o| o
Color of the food itself o0 0 0] 1 1 2 "25 0] 0] 0

1. These are overlapping categories.

Percentages do not total 100%.

ry
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Since the children had no way of krowing what color the food would be, they
were not only forced to guess, but also to figure out how the change could have
taken place, or why there had not been any chanqé.l

There are age-related differences in the explanations given by the subjects.
Most of the explanations of the seventh graders and some of the explanation§ of

the kindergarten and third grade subjects appear to be based on what they knew

. X

about digestive processes, e.g.,’the mixture of food and saliva. A large p;oportion
of the responses of the kindergarten subjects, however, and a smaller proportion

of those of the third graders (the effects of blood; and of "germs") se to be

the result of confusion about what they had Leen told, fantasies or phengmenistic
thinking. ,

(2) change in consistency/size of féod .

Only a few subjects attempted to explain the reagon for cﬁanqe of cons$istency/
size of food when it was in the stomach. Of the two kindergarten subjects who gave
explanations, one said it was the result of the stomach "vibrating." Tge othef
expléined, "*Cause one day, like, I was running and I got cut in the leg here.

And then I scratched and I could see the meat." After further questioning, he said
that what he saw was what food w;s like in the stomach. The one third grader who
responded gave a long and complicated explanation. sghe said, in part, "‘'Cause

some is going down slow...like slow medium, and the other food is going faster and
then (they) get pushed together,™ and, therefore, into bigger pieces. when asked
how she knew that, she replied, "why, is there any other’'way the (food) can get
bigger?"

Three , of the six seventh graders who fesponded, ascribed the change in con-

sistency to saliva or digestive juices. Another, using perceptual cues and

awareness of his own action, said the food was "like little balls...soft...when

1 No one mentioned that they knew because they saw it when they vomited.

r
H
-
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. 4 \
you-c¢hew it. Then your tongue kind of rolls them back and then you swallow them

N
and~it's kind of little balls that are soft." The other exﬁlanations had to do
with éhe effect on food a3 it moves through the esophégus and the fant that all the
' food rests "in one spot and all ;et together."

Apparently, at all age levels, the subjects had more difficulty explaining
the reasons for change in consistency or size of the food by the time it reached
the stomach then they did for the color of the food. Even some of the seventh
graders appeared less able to use what they knew than they were in their explana-

tion of the color of food.

c. Explanation of why food doesn't go to specific parts ot the body.

When describing the parts of the body to which the food goes, some subjects
mentionéd specific parts of the body to which food did not go (p. 33). Some of
these (kindergarten, 3; third grade, 4; and seventh grade, 5) explained, either
spontaneously or after questioning, why the food did not go to these'paéts. The
reasons they gave implied that none of them understood how the food was dis-
tributed/;o the body, that is, there was no understanding of physiological
functioning, in this respect.

The largest numbér {three kindergarten, two third grade and three seventh
grade subjects) gave responses based on physical characteristics of parts of the
body. For example, one kindergarten child said the food could not go to the

,
shoulders because "there isn't too much room in there." BAnother said the food
goes only as far down in the legs as the knees "'Cause this knee is blocking it."
A third grader said it doesn't go to "your fingernails...'cause they're solid."
Another gave as one reason the food does not go to your nose, "Because your nose
doesn't needneat because it had that bone right there. The seventh graders! i

reasons were nou more sophisticated than those of the younger subjects. One said,

"I just think it doesn't go to the brain...because when we studied the brain..-
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it was like there was no room for anything to go up there." Another said,
"Probably the ears, 'causg it's cartilage...the nose...same cartilgée."

Three subjects (one kindergarten ‘and two third grade) gave explanations based
on the belief that food (or blood) can go in only one direction. The third graders
said that the food could not go to specific parts of the body (brain, nose, throat)
"Lacause ydu.swailow down, nét upd and "Cause it--your throat swallows, it pushes
it down s.o it just goes to the sides, to your arms." The kindergartner's state-
ment that’food cannot go to your head--"Only your blood does when you're standing
on your$head"-—seems té imply in addition, that only one substance, blood, can go
to yéur head.

One seventh grader gave two kinds of explanati;ns. One was based on need--
pI don't think your arm needs that much." She also said that the blood with food
in it doesn’'t go to the bones "because the bones make the blood in the marrow."

The latter is based on a physiological fact, but is use;\iﬁcorrectly. Another

seventh grader said, "I don't think'it goes into the brain"...because "like, the

brain tells it where to go." That iﬁ, the brain is the director of the activities. s
The last two explanations seem to be based on the premise of exclusivity, i.e., the
producer or director cannot also be a recipient.

One third grader, apparently connecting blood in the nose with nose bleeds,
explained, "There's no blood cells in your blood...it only comes around to the

head...and it won't go any further or else it wouid come out of your nose."

The kinds of thinking, e.g., phenomenistic, on which these explanations are

based result in misconceptions of physiological functioning. It is interesting

that as many as five seventh graders give explanations based on these-garticular

-

misconceptions, gince all but one seventh grader had said that food was distributed
to aii parts of the body, and all but two, that it was distributed via the blood-

strean.
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+d. Transformation of food into energy and other macter.

The ultimate purpose of the digestion and assimilation of fnod is its trans-
formation into other matter (repair, replacement and creation of cells) and into
energy. Many subjects, at all ages, mentioned growth and energy as the reasons fox
eating. Their responses to guestioning about how food makes you grow and qéves
you energy give us some inkliing of the prevalance and quality of understanding of
these transformations, at each age level,

Approximately half the kindergartners said that food makes you bigger, taller.
In response to the question, "How does it make you bigger/taller?" only one ex-

s

plained. she said that, if she weighed herself, she would know that she was grow-
ing. This s; gests that she might have had some idea that the food she ate became
part of her, but Epew nothing about the process. The rest of the subjects who
mentioned growth either gave irrelevant answers or, because of obvious ignorance,
were not asked how. fopd would make them grow. The one kindergartner who mentioned

energy as a reason for eating knew nothing but the word itseif.

The two third graders who mentioned growing as a reason for eating said that

food goes in various parts of the body and "turns into the stuff that's thexe-= |
blood, skin, bones." But neither had any notion of how food makes you grow.

Although about half the third graders mentioned energy as a reason for eating, only

a few tried to explain what energy was: "Like power." "Energy makes things run.

Like cars, all kinds of machines and your body. Cars need gas and the body needs

food." Another said there were different Qinds of energy--"The kind in your

body when you eat the food and t?e kind that you get from the power plant." Most

of those who mentioned energy seemed to unders‘and that there is some relationship

betwegn food and activity, for example, that energy makes .it possible for you to

run and, even, to think f~ster. But none seemed to have any idea how food is

transformed into energy or into other matter.

s
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Of the seventh graders who mentioned growth as a reason for eating, a few
said that food makes celis multiply or reproduce. For example, "Other cells use
i; (food)...to make more cells and that makes him (sic) bigger." Another said
that blood cells contain nutrients. "The body feeds off it (the blood)...It
produces more blood cells." None of them, however, knew how this transformation
occurs. With respect to the transformation of food into energy, only one of those

\

who mentioned energy as a reason for eating attempted to erplain how this trans- e
formation takes place.” "'Cause when it is broken down--the nut;ients and stuff--
the body, like,<burns them up...It's like a fuel, kind of...and when it gets into
the blocd, it, goes around all the places and...it goes into the cells, I guess,

and it makes them do what they'‘'re supposed to."

Thus, none of the subjects, from kindergarten through seventh grade, really

understood how food was converted into the substance of the body, and only one had

an idea of how it was converted into cnergy.

Summary Y

Our exploration of the nature of the explanations given by the subjects does

provide some insight into the extent to which the kindergarten, third grade and
seventh grade subjects understand the digestive-distributive-assimilative processes
and the principles underlying them. Aléhough some age level differences are )
apparent, the understanding of even the oldest and most knowledgeable subjects is
limited. .In fact, perceptual ;ues, including intra-body sensations, are used as
the basis for explanations very frequently at all ages (sometimes because of the
nature of the questions aslcd), as are the needs of the bod,. Younger subiects
cftén repeat what they have been told by adults, generally without understanding

the meaning, and thus sometimes give literal interpretations to remarks which are

not meant to be taken literally. Most of their explanations are non-explanations.

f1lthough the seventh graders do, on occasion, apply the information they

have, when explaining, they do not always make use of the physiological information
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they have acquired. Perceptual cued are more-accressible and .end *o be used,
although sometimes incorrecti*y. The nature of many of \their explanations suggests
that their focusg is on information, rather than on undefstanding the processes or////’-,

principles of physiological fuﬁctioning.

¥

B. The Digestive Process Drawing (DPD)

The drawing of an internal body system was probably a completely new experi-

3
4
ence for the subjects except for a large number of seventh graders (57%) who said

they had seen (and may even have been asked to reproduce’ diagrams of the gastro-
intestinal tract. For this reasosn, and bgéause it was a free drawing (i.: , no
body outline was presented), there is a great deal of variation among individual
subjeccs in the way they depicted the digestive process, despite the fact that the
main content of the drawing is necessarily limited to the organs of the gastro-
intestinal tract. The ‘subjects wsre also asked to show where the food goes, how
it moves, what it looks like, and any qpanges in it that take place.

The drawings shall be described in the followirg ways:

l. Organs and body parts, related and unrelated to the digestive-
eliminative-distributive processes.

a. ‘major organs and body parts of the gastrointestinal tract;

b. other organs and body parts related to the digestive-
eliminative-distributive system (including blood vessels);

c. other organs and body parts not related to the digestive-
eliminative-distributive system.

2. Grapnic indication of food--where it goes, movement of food and
changes in it.

a. food in various parts of the body (not in the bloodstream).
3. Body outline- -

4. Expressive characteristics.

P},)
-~




1. Organs and body parts related and unrelated to digestive-eliminative-
distributive processes.

A

a.Major ordans of the gastrointestinal tract

-

The number of major organs included in the drawings by one or more subjects in

each age group increases with age, from 4 (kindergarten) to 5 (third grade) to 10
(seventh grade). (Table 25) The kindergarten subjects included the mcdth, the pipe/
esophagus, stomach and liver. 1In addition to those .ncluwed by the kindergartners -
(except for the liver), the third graders also drew the intestines (undifferentiated)
or the small and large intestines. To those included by the third graders, the seventh
graders added the duodenum, the gall bladder, the liver, the pancreas and the rectum.
The number depicted by 50% or more of the subjects at each age level also in-
creases with age--2 (kindergarten), 3 (third grade{ and 5 (seventh grade) out of a
possible total oﬁ 10. Almost all (95%) of the kindergarten subjects drew some soit
of representation of the stomach, in a variety of different ways. Sligh;ly moxe
than half (55%) drew a mouth. 211 the third graders drew the stomach; 85%, a p:pe/
tube representing the esophagus; and 50%, the mouth. Ninety-five percent of the
seventh graders drew the stomach; 90%,f pipe/tube representing the esophagus; 85%,
thé moﬁgh; énaffhe éméll and léréé iftééfiﬁéé,f7l§_f6£ éadhf. One éévenﬁh~§rader, //PA ]

-

who included a large number of other organs, did not include the stomach. Instead,

he drew a long tube-like organ which he labeled "digestive tract" (which may have
represented the stomach).

I terms of the total number of major digestive organs and body parts, the
third graders are more similar to the kindergarten subjects than to the seventh
graders, while the seventh graders differ considerably from both, in that they in-

clude all the major organs. With respect to those mentioned by 50% or more, the

difference between the seventh graders and the younger subjects is diminished. '
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— Table 25

MAJOR DIGESTIVE ORGANS AND BODY PARTS DEPICTED
Kindergarten (N=20) Third Grade (N=20) Seventh Grade (N=21)
Category Girls| Boys| Total| Pexcent|Girls|Boys| Total| Percent|Girls Boys| Total|Percen
Mouth 5 6| 11 55 4 6| 10 50 8 9| 17 85
Pipe/tube/esophagus 4 2 6 30 9 8| 17 85 |11 | 7| 18 90
Stomach (total) 9 | 10| 19 95 | 10 [ 10| 20| 100 | 11 9| 20 95 -
a)gztl"in“:““d in body| , 4 8 40 0 0 0 0 0 0 0 o'
;:ﬁg:gg' dia-| 0 0 0 2 3 5 25 | 11 7| 18 86
"digestive tract" 0 0] 0] 0 0 0 0 0 0 1 5 5
b)Body outline includedi:
equated with body 4 3 7 35 0 1 1 5 | o | o 0 0

(label afid/or graphic)

"belly putton” equated

with doms o | o 1 1 5 o | -o 0 0 0 0 0 0
;ﬁl ugi";; or lower 2 2 10 0 0 0 0 0 0 0 0
::i’:a\“gan within 1| o 1 5 8 6 | 14 70 0 2 2 10
Duodenum 0 0 0 0 0 0 0 0 0 1 1 5
If’;te;g:‘;;‘ i;?fll/ large o | o | o 0 2 3 571 25 | 3 2 5 24
" small intestine o | o] o 0 0 1 1 s | 72 | 8] 1s 71
large intestine 0 0 0 0 1 0 1 5 7 g8 | 15 71
Gall bladder 0 0 0 0 0 0 0 0 0 1 1 5
Liver 0 1 1 5 0 o4 o 0 0 5 5 24
Pancreas 0 0 0 0 0 0 0 0 0 3 3 14
Rectum 0 0 0 0 0 0 0 0 I 0 1 5

What is most outstanding in the kindergarten children's drawings is the variety

cf ways in which the stomach is represented. Two-fifths drew the stomach as a




circle, not enclosed in a body; 35% equated the stomach with the "body"

1

(verballyl and/or graphically); for one child, the stomach was represented by
the "belly button;" for two, iF was either the lower or upper part of the torso.
Only one drew tNe stomach inside an outline of the to;so.

The importance of the stomi.n to the kindergarten children's concepts of the
digestive system, as well as their confusion about it, is indicéted by the in-

clusion of other body parts in their depictions of the stomach by some.2 (Table
£

26) Two children (10%)drew bones in the stomach--one, bones within the torso ex-
tending into the stomach, and another, a bone “"that carries the f;od to the stémach"
from the head. Another drew a number of "pipes" in the stomach (the only organ
depicted), each for a different food which s/he named. Another drew a mouthliké

part in the stomach; and another, who equated the stomach with the torso, enclosed

«

bones, lungs and heart in it.

Table 26
BODY PARTS DEPICTED INSIDE STOMACH--KINDERGARTNERS

. Girls Boys Total
Category (N=10) (N=10) (N=20) | FPexcent
Bone inside stomach that carries 0 1 1 s
.. food from head . e : —— e

Pipes in stomach=-~each for a 0 1 1 5
different food h
Mouth-1like part . 0 1 1 5
Bones extending into stomach,

etz 1 0 1 5
within torso N
Bones, lungs, heart in stomach 1 0 1 5
(équated withtorso)

¢
That is, what the sﬁbject called each organ or body part drawn. The investigator
labeled all the kindergarten and most of the third grade drawings while most
seventh graders labeled most or all parts of their drawings. The Investigator
labeled all parts of a few of the latters' drawings, and some parts of others
during the questioning after. .the drawing had been completed.

It also ra:.ses questions about what they mean by "stomach."

s
LR W
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b. Other organs and body parts related to the
digestive-eliminative~distributive system.

- The total number of other related organs and body parts depicted in drawings
by one or more gubjects increases with age--from 3 (kindergarten) to 7 (third
gradb) to 14 (seventh grade). (Table 27) Tae kindergarten subjects drew teeth,

throat/neck and the bloodstream carrylng food, which they usually called tubes or

'éipes. The third graders drew, in addition, "hairlike thlngs" in the tube/esoph-

agus, kldnexs, a pipe/tube going from ghe stomach to each of two organs (kidney,

N
intestine). In additidn to teeth, throat/neck, kidneys, bloodstreamm carrying food,
and hairlike things in the esbphagus, the seventh graders drew "cilia" (sic) in
the‘sm$ll inteééine, a“gipe/tube from‘the stomach to various organs (;ntestines,
pancreas, liver), salivar§ glands, bladder, a valve from th~ liver to the stomach,
"digestive tract" (an undefined tube). Of all these‘;dditional'oréans and body
pérts,.only one--the throat/neck--was mentioned by as many as half. and by the
kindergarten subjects alone. Only the seventh graders (19%) used arrows to repre-
sent the nutrients going into the blood from the intestines (small or large not
specified), or specifically from the small and/or large intestine. :

Pl

- The elimination of solid waste from the body is indicated“in various ways--
by grephic representation only, by labeling and by both graphic representztion
and i;beling. On%y one kindergartner represented waste on its way out of the body
and told the investigator what it was. One *hird grader made no graphic repre-
sentation, but mentioned it during labeling. Aside from the one seventbh grader

who, as mentioned previously, drew the rectum, 43% of the seventh graders indicated

by label, graphically or both, that solid waste was eliminated from the body.




OTHER ORGANS AND'BODY PARTS RELATED

Tablef 27
TO THE DIGESTIVE-ELIMINATIVE-DISTRIBUTIVE
SYSTEM DEPICTED

70

Kindergarten (N=20)

Third Grade (N=20)

Seventh Grade (N=21)

Category Girlg Boyq Total| Percent] Girl# Boyd Total] Percent] Girls Boys [Total| Pe
Teeth 0 2 2 10 0 3 3 15 3 2 5 2
Throat/neck 7 3 10 -50 3 3 6 30 2 4 6 29
inside body 0 1 1 5 0 0 0 0 0 0 0 0
part of tongue
in throat 1 0 .1 5 0 0 0 0 0 0 0 0
bones‘in throat/ 1 1 2 10 0 0
neck
Salivary glands 0 0 0 0 0 0 0
" s " 3
Hairlike things" in 0 ol o 0 1 of 1 5 1 0|1 5
esophaqus
"Cilia" in small
intestine 0 0 0 0 0 0 0 0 1 1 2 10
Pipe/tube from stomach
to kidney 0 0 0 0 1 0 1 5 0 0 0 0
to intestine 0 0 0 0 1 1 2 10 0 1 1 5
to pancreas 0] 0 0] 0 0] 0 0 0 1 I 5
- to liver 0 0 0 0 0 0 0 0 1 1 5
» "Digestive systeu"
(=tybe going to and 0 0 0 0 0 1 1 5 0 0 0 0
from .gtomach)
"Digestive tract" -
(=tube) 0 0 0 0 0 0 0 1 1 5
Kidneys ) < 0 3 3 14
Blaﬁdar 0 0 0 0 2 2 210
Valve from liver
to stomach 0 0 0 0 0 0 0 0 0 1 1 5
Blood vessels carrying
nutrients/food 0 1 1 5‘ 1 3 4 20 2 3 5 24
Krrows showing food
going into blood 0 0 0 0 0 0 0 0 3 1 4 19
Indication that solid .
vaste leaves body (total) ©° -1 o 1] 1 > > | 4]0 43
Label only 0 0 1 1 5 1 2 10
..
Graphic only 0 0 0 0 0 0 1 1 5
Both label and | 1| 1 5 0 ol o 0 4 2 | 6 29
graphic
/\
, N
L ]
o) {




c. Organs and body b@rts not related to the
digestive-eliminative-distributive system.
A
More organs and body parts not rglated‘;g.xhe digestive-eliminative-

distributive system we;e érawn by one o; more kindergarten subjects$ (B)Kthan by
third graders (6) or sevengh graders 26). (Table 28) The kindergarten subjects
drew the belly button, heart, chest, lungs, bones in the body (torso), the blood-
stream (not carrying food), the lower part of the body (not named) and "hot pipes
that turn food into blood."l The third graders included the hear*, lungs, blood-
stream (without food), "box"/windpipe/trache ., tonsils and brain. The seventh
graders drew the heart, lungs, bloodstream (without food), trachea/windpipe,
appendix and "flap"/epiglottis. Fewer than 50% of the subjebts at any age level
included any of the above-mentioned 7£;;H‘. Only one or two kindergartners in-
cluded any of these. Most frequently depicted by’the third graders are fhe_
bloodstream and the brain (30% for each) and the heart (25%). The bloodstream
(24%), the heart (14%) and the trachea (also 14%) were depicted by the seventh

graders.

These may have represented intestines since they resemble them in form.

)
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Table 28
ORGANS AND BODY PARTS NOT RELATED TO THE DIGESTIVE-ELIMINATIVE~DISTRIBUTIVE
SYSTEM DEPICTED

Category Kinderga:ctexi (N=20) Third Grade (N=20) Seventh ﬁrade (N=21)
Girls|Boys| Total|Percent|Girls|Boys|Total|Percent|Girls Boys|Total |Perc
TN\

Belly button 2 (o] 2 10 (o] \\‘41\ 0 (o] (o] (o] (o] 0
Heart 0 2 2 10 3., 2 5 25 0] 3 3 14
Chest 0 1 1l 8 0 0 0 (o] (o] (o] (o] 0
Lungs 1 o] 1 5 2 2 4 20 1 1 2 10
Bones in body (torso) 1l oj'1 S 0 0 0 0 0 0 0 0
Bloodstream/veins,

etc. (no food) 0 ~1 1 5 2 4 6 30 1 4 5 24
Lower part of body 0 1| 1 5 0 of o 0 0 0| o 0
(unnamed) )

"Hot pipes that .turn

food into blood" 0 1 1l . S (o] (o] (o] (o] (o] (o] (o] 0
"Box"/trachea/ /
windpipe 0] 0 0 0 2 1 3 15 3 0 3 14

. " .
Tonsils 0 0 (o] 0 1l (o] 1l ;S (o] (o] (o] 0
Brain 0 0] o a 2] 6 | 30 0 0| o 0
A

Appendix . 0 0 0 0 0 0 0. ) 1 1 2 10/
” ”

Flap"/epiglottis 0 0 0 j’f/? 0 0 0 0 1 1 2 19

/ \- ,

2. Graphic indication of where food goes; indications of /
movement of food and of changes in it.

Virtually all the subjects dopicted food in the body, usually as pieces of

different shapes, or lines. (Table 29) The number of plaées in the body varied,
to some extent, with the number of organs and body parts drawn. One kindergarten
subject could not depict food in the body because she drew only the throat with two
pieces of food alongside.

Gr;bhic indication of move ~ and of changes in the food as a result of
digestive processes are related to age, the former moie than the latter. No kinder-
garten subjects, only three-tenths\of th; third graders and three-quarters of the

seventh graders gave gome indication of movement, either by lines or arrows. Only
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the se;enth graders had learned, apparently, that arrows can be used to represeht
direct):ion .

g Chrnges in the food, indicated by changes in,size of the symbols (circles,
dots, etc.) and/or the character of the lines representing food, were included by
most kindergarten and third grade subjects (65%) anda almost all seventh graders.
Three kindargartner; drew the food whole (a carrot with leaves, a cracker, a hot

dog) inside the body, only one showing the change in the food.

GRAPHIC INDICATION OF WHERE FOOgagégsngF MOVZMENT AND OF CHANGES IN FOOD
Category Kindergarten (N=20) Third Grade (N=20) ] Seventh Grade (N=21)
\ GirlJ Boyq Total] Percant Girlsl Boyd Total| Percent] Girld Boy% Total] Percent
Where food goes--yes | 9 | 10| 19| 95 | 10| 10| 20| 100 | 11| 10| 21| 100
where food goes-~no 1 0 1 5 0 0 0 0 0 0 0 0
Movenent--yes 0 0 0 0 3 3 6 30 8 8 16 76
Movement--no 10 lof 20 100 7 7 14 70 3 2 5 24
Changes~-yes 8 5 13} 65 5 8 13 65 11 9 20 95
Changes--no 2 5 7 35 4 2 6 30 0 1 1 5
—- Changes--unclear 0 0 0 0 1 0 1 5 0 0 0 0
s Some kindergarten (25%) and third grade subjects £20%) drew food in various

parts of the body (e.g., arms, legs, brain) to indicate distribution of food to
the body. (Table 30) The food was depicted sometimes as pieces, sometimes as
heavy, dense lines filling up the body part, sometimes just as lines. Of these,
one kindergartner and one third grader drew the food in "tubes" in the legs.

o/ Since almost all the seventh graders drew diagrams, and, therefore, no arms, legs,

I'd
etc., they could not depict food in these parts of the bodyt
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Table 30 .
FOOD DEPICTED IN VARIOUS PARTS OF THE BODY: KINDERGARTEN AND THIRD GRADE

Category Kindergarten (N=20) | Third Grade (N=20)

GirlJ BoyJ Totall % GirlJ*BoyA Totall % !

1 In arms, legs, feet, brain, etc. 1 3 4 20 2. 1 '_ 3-]1s5

A

Tubes containing food in legs 0 1 1l 4.5 1 0 1 5

Although it is surprising,:in general, that all the younger children
actually drew a picture of the digestive system with only a mental image to guide
/
them, for the most part, it is even more surprising that some\were able to depict .

where the food goes, its movement and changes that take place. The fact that there

was usually some resistance to doing so,Aénd that varying amounts of persuasion were
necessary to get them to undertake and carry* through such a difficult task does, not

detract from their accomplishmeﬁt. ’

3. " Body Outline - ' .

Some subjeéts drew a body ofitline, more or less human and personalized, while
» .

others did not. The presence of body outlines was unexpected} in view of the fact
> ¥

that the instructions given for the DPD emphasized food is, to draw a picture

Q-

of what happens to the foud in your body--where it g s;zgow‘it moves, what it looks

like and any changes in it. There was no mention of drawing a body or a person, and

the DPD could not have been influenced by the ?ra&ing.of a person (HFD) since the

-

latter was done during the second session. -

The cues used to determine whether or not there was a body outline are as

»

follows:

(1) inclusion’of a head with facial features, with or without a T )
recognizable facial expression; ’

(2) inclusion of arms, legs, feet, and other parts ef the body
(not just for showing the distribution of food to the Lody)
which transform the drawing into that of a .person; and

{(3) inclusion of clothing where it does not interfere or cover
up the internal body organs, e.g., shoes.
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Depiction of the head only, with or without features, was not considered .
sufficient evidence to be categqorized as having a body outl;ne.

More than half the kindergarten (55%) and third g?ade (75%) subjects drew
body outlines, partial or complete. (Table 31) Only two seventh graders (108%),

however, drew body outlines. The drawings of most of the latter (85%) look'more

or less like the diagrams of the digestive system in books. Since more than half
. Q
of the seventh graders said tbey had seen pictures or diagrams of the digestive

h
system, the difference betweer the seventh graders and the younger subjects appears

to utem, in part, from the preveiice or absence of a specific curriculum content.

o
: Table 31 .
, ' PRESENCE/ABSENCE OF BODY OUTLINE ‘
‘
Category Kindergarten (N=20) Third Grade (N=20) Seventh Grade (N=21)

t T
Girl;f;oys Total Y Girls! Roys| Total I %/ GirlsjBoyxs{ Total %

Presence 5 6 11 55 8 7 15 75 0 2 2 . 10

Yo

Absence 5 4 9 45 2 3 5 25 11 ' 8 19 9l

Absence of Body Outline. The character of the drawings witlout body outlines seems

to vary with age, in terms of form as well as content (i.e., how much and waich parts
of the digestive system are included). But there are also variations between indi--
viduals within each age group. The kindergarten children's drawings range in con-
tent from the simplest--a representatign of the throat alone ér the throat/esophayus
and stomach--to the one slightly more complex one which also includes "hot pipes"
fprobably representing intestines), the liver and a pipe with blood that goes to

§he heart. One drawing is limited to the stomach only, within which there are

* sevaral separate "pipes" for specified foods-epeas, piecesuf chicken, cucumbers--

1

the size and shape of the pipes suited to the size ana sl.ape of the represented

food.

P

[
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With respect’ to form, those which include neck/esophagus and stomach, and
the two that include a head, also have .. .. form--a more or less oval head,

a tube (varying in length) representing the_necf or esophagus, and a round stomach
(varying in size).

The drawings of the five third graders who did not draw a body outline also
vary somewhat both in form and content. Two are similar in that thiy both include
a large tube/esophagus (but varying in both width and length) extending from, in

.
one case, a round mouth and, in the other, a tubelike throat., to a round stomach
with "things" cr "nerves" (narrow tubes radiating out from the stomach). It is
t§ese tubes radiating from the stomach (somewhat like a child's drawing of the sun)
which make them look alike. They differ in that one of these also includes large
"tonsils," which look like wings, between the throat and the tube/esophagus, and
a round "box" attached to the lower end of the tube/esophagus.

The other three drawings are variations on the iong tube (esophagus/throat),
round stomach form. Two also include intestines--in one case, =nclosed winding

Y

tubes between the esophagus and stomach, and, in the other, unenclosed narrow

winding tubes extending below the stomach. The latter also includes the heart,

blood vessels carrying food between the heart and stomach, as well as what looks

like other blood vessels. .
The drawings without body outline of all but two seventh graders are

obvious attempts to replicate the diagrams they had probably seen.

These drawings ;re similar in content in that they all include the major digest-

ive organs. There are individual variations, however, in the other orgaus (re-

3

lated and unrelated to the digestive system) which are included. |

Three of these (all by boys), however, look considerably less like the usual
diagram than the others for one ox more of the following reasons: (1) the spatial

arrangement is distorted; (2) diagonal placemert of the drawing; (s, disprojortion-

R
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ately large size' of both digestive system and non-digestive system organs; (4)

strong emphases (heavy lines) on other than the digestive tract; e.g., arrows, food.

Presence of Body Outline. The nature of the body outline appears to be a very

individual matter. The kindergarten children's drawings with body outlines vary -
considerably in the extent to which they resemble drawings of a person with some
aspect of digestion included. There are 4 girls and 3 boys whose drawings look most
like a person. 1In these, the head includes facial features with a recognizable
facial expression. These drawings may include hair, and either eyelashes or
nostrils. The bedy includes all or most of the following: neck, bedy/stomuch,
arms, legs, feet. One or more of the following appear in a very few drawings:
fingers, some indication of differentiation of the hands and toes. The drawings
that look less like a person (3 boys and 1 girl) vary from those with a head,
mouth and teeth as well as a body, arms and legs, to one in which the only claim
to personhood is depiction of neck, arus and muscles of the legs with food in them.
Thus there is a large range of representation within these eleven drawings.

It is more difficult to describe the third graders' drawings, not only be-

cause there are so many (15), but also because they are so varied and individuai.
There are only two,third graders (both girls) who drew actual representations of
a persor. The fiZLt érew 2 picture of a person with a head, features §nd facial
expression and hair; arms with fingers, body, legs and fe%t. The other drew two
pictureé. The first is a profile of a girl with long hair, with all features
including eyebrows and nostrils, seated ét a table on whicﬁ there is a plate of
food. There is a body, arm with hand and fingers holding a fork pointed at food,
and legs with feet. It looks as if she is wearing pants, but, because the di-
gestive organs and food are in the upper part of the body, there is no shirt or

blouse. Since it was difficult for her to draw the digestive process in this

figure (she did include esophagus and stomach with food in them), she then
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A4
drew'another partial body outline with many more digestive system and other
details.

Eight third graders (2 girls and 6 boys) drew heads, one in profile, with
features (5 with pupils of eyes included), some with facial expression and five
with hair. Excepp for the one in profile (which, despite facial features and feet
with toes, does not }ook entirely human, but rather foetus-like) all but two have
necks, all have a body, arms and legs, and most have feet. Six have fingers and
only one (in addition to the profile one) has toes.

Threa third grade girls, who drew quite complete body outlines~-neck, body,
arms, legs and feet~-included only the mouth (but one added hair). Two of these
depicted fingers, one also toes. One of these, however, despite the absence of
other features, does look huﬁan, partly because of the body stance. Two ({1 boy
and 1 girl)--one in profile--barely meet the requirements for presence of body
outline since they included very little. Both depicted heads with mouths, and
representations of the torsc. One of thgse 2lso drew legs.

Only two seventh grade boys drew complete head and body outlines. They both
depicted necks, arm. with fingers, bodies, legs and feet. Only onz, however, in-
cluded facial features--eyr ., kose and the stereotyped single;lipped, smiling
mouth. The other drew the head in profile with open‘mouth, and nose, much like

the diagrams I:e had previously seen.

4. Fxpressive characteristics
>

As indicated previously, we were interested in exploring cues to the in-
fluence of affect as manifested in the DPDs. One possible manifestation of the
influence of affect may be the degree of accuracy of the drawing. But there are

sv many other factors which may influence thr, accuracy of the drawing that it is

-

impossible to use this feature as a cue. There are other aspects of the drawings,
a .

2
which, like those used in interprdéing emotional problems anl personality character-
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size of organs, and detailed verbal descriptions of processes (which the children

themselves wrote when labeling the drawings) appear in the drawings of two or more

subjects. The detailed verbal descriptions were given by seven seventh graders,1

and four drew disproportionately large organs.

Of the 35 subjects whose drawings include one or more of these twelve
characteristics, two (disproportionately large organ(s) and overerphasis on blood)
appear most frequently (in 23% of the drawings). Heavy lines and detailed verbal
descriptions appear almost as frequently (in one-fifth of the drawings). The
characteristic that appears most frequently varies at different age levels: at
kindergarten level--oral emphasis on food (42%); heavy lines, at the third grade
level (42%); and detailed verbal descriptions at the seventh grade level (64%).

The sample is so small that no generalizations can ve made from the above

figures.

It is possible that this may be due, in part; to the fact that they A4id their
own labeling, while the investigator did the laheling for all the kindergarten
subjects and most of the third graders. She did, however, write whatever the
subjects said.

There is another possibility. Gariner (1980), in summarizing possible reasons
for the trend toward "literalism" and Jreater interest in language for expressing
ideas in older children, points out the tendency to use verbal notation and
made~up symbols in conjunction with their drawings, and that they are often more
important than the drawings themselves. It is possible, therefcre, that the use
of verbal descriptions of processes is part of a developmental trend as well.
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Table 32
EXPRESSIVE CHARACTERISTICS ’

Expressive Characteristics T;:?:;gartem 'f;i-ig)Grade ?;:tlaxlx‘;:h Gfadel fﬁ::é)

Girls | Boys | Girls | Boys Girls | Boys | Total Percent
Heavy shading 1 1 0 1 0 2 5 14
Disproportionately large organ(s) 3 0 0 1 3 1 8 23
Overemphasis on blood 0 2 1 3 1 1 8 23
Disorderly, chaotic appearance 2 0 1 0 o - 1 4 11
Heavy lines 1 0] 1 4 4] 1 7 20
Emphasis on waste 0 0 0 1 0] 1 2 6
Much erasing 0] 0 0] 1 0 1 2 6
Oral emphasis (teeth/food) 1 a | o | o 1 0 6 17
Unusually large drawing 0 0 0 1 1 0 2 6
Dispropprtionately small organs 0 0 1 1 0 0 2 6
Detailed verbal descriptions - 0 0 0 0 4 3 7 20 B
skewing of placement‘of tract |
or organs 0 c 0 0 0 2 2 6

Summary of DPD Findings

The kindergarten children's drawings are usually limited to a depiction of
the mouth, throat and stomach and are almost equally divided among those with body
ouciines and those without. Emphasis on teeth and/or food is found in a quarter
of the drawings.

The third grade drawings tend to consist of mouth, esophagus, stomach, usual-

1, enclosed in a more of less human-iike body outline. Heavy lines are evident

in a quarter of the drawings.
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The seventh_g:gde drawings tend to include the mouth, esophagus, stomach, both
small and large intestines, and\some indication, graphic and/or by label, that
solid waste is eliminated. The throat, blood vessels carrying nutrients as well
as blood vessels without nutrients are depicted in about a quarter of the draw-
ings. Except for two who included an outline of the body, the drawings are in
diagr 'mmatic form. There are detailed labels, including descrirtion of processes
as well as the names of the parts depicted, in about a third of the drawings.

Although some evidence has been given of the individualized character of the
drawings, group descriptions do not do them justice. Despite the obvious effort of
the seventh graders to reproduce what they had rned and seen in diagrams, many
of their'drawings are individua1ized/gﬁbugﬁpgg»distinguish among thewm. It is the (

drawings of the younger &hildren, however, which, while embodyinc individual concepts

. of the digestive process, express char eristics peculiar to each individual. The
ﬂz;awing of a body outline by kindergarten and\third graders contributes to the
general effect of individualization in that maﬂ§, at both age levels, look human,
while a high propertion of kindergarten children's drawings appear to be self-

portraits.

There appear to be no sex differences in any aspect of the DPDs.

Comparison of DPDs with Interview Data

If we compare the major digestive organs and b,dy parts depicSed in dravwings
(Table 25) with thosélmentioned in the interviews (Table 7) by half or more of
the subjects (excluding the mouth because it was menticned early in the interview
by the investigator), there is no difference at any age livel. Half or more of
the kinderﬁarten children mentioned, as well as drew, some representation of the
stomach only; of the third graders, botlh the stomach and esophagus; of the seventh

graders, the escphagus, stomach and large and small intestines.

e
[
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Regarding other organs and body parts related to the digestive-eliminative-

-

distributive system, only it kindergarten level did half or more draw one other
body part, the throat/neck (Table 27), while two were mentioned--throat/neck and
teeth. (Table 8) No other related organs or body parts were d;picted by half or
more of third and seventh graders, but the throat/neck and the bloodstream carry-
ing food were mentioned by half or more.

With regard to the elimination of solid waste, while only one kindergartner
drew a piece of food on its way out of the body (Table 27), three~fifths mentioned
elimination (p. 15). Similarly, only one third grader indicated elimination of
" waste in the DPD, by label only (Table 27), thle three-quarters mentioned it in
the interview. The contrast is somewhat less straking for the seventh graders.
-Not quite half gave some indication in their drawings that waste was eliminated

(graphically only, verbally only, or both), one even labeling the rectum (Table
27). wWhile no seventh graders mentioned the rectum specifically in the interviews,
all did indicate that waste was eliminated from the body, in non-specific terms.

If we compare the organs and body parts unrelated to the‘diggstive sy stem
which were ‘ncluded in the drawings with those mentioned in tﬁe interviews, we
find that fewer were mentioned at all age ievels than were depicted (Table 28)--
one mentioned, as compared with eight depicted, by kinéergarten subjects; four
mentioned by third graders, and three by seventh graders, as ccmpared with six
depicted at both aqge levels.

Many more subjects at all age levels said the food/nutrients were distribute?d <
to various parts of the body through the bloodstream (Tables 1l and 13) than‘
inciuded the bloodstream carryind food in their drawings (graphically or by label). N

(Table 27) Although a higher percentage of seventh graders than younger subjects

depicted the bloodstream, the lower figure for seventh graders (24%), compared to

the interview figure (91%), may be due to the diagrammatic form of almost all
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their drawings. Also a larger proportion of subjects at each age level said that
food was distributed to the body (with or without mentioning the route--Table 11)
then depicted food in the body (Table 30). The absence of body outline made it
impossible for seventh graders to depict food\in\the body and accounts for the
low figure at kindergarten level.

There is no difference between the interview and the DPD with respect to
major digestive organs, but more other organs and body parts related to the
digestive-eliminative-distributive system are mentioned than depicted by half
or more subjects at all age levels. Only with regara t0 organs and body pérts un-

related to the digé:;ive system are there more depictéd than mentioned. Thii}is

different from the others in that it involves total number of organs or body

parts mentioned or depicted rather than mention or depiction by a majority, at each .

age level. Regardiné the four_remaining comparisons—-elimination, distribution of
food to the body, food in the bloodstream and food in parts of the body--more are
mention;d by a majority of subjects than are depicted. 1In the last two, the

low figures for seventh g.aders' DPDs may have been affected by absence of body
outlines.

The major difference has to do with eliminaticn. The problem for the kinder-
garten children may have been how to represent elimination. Most of the third
graders drew body outlines, representing the front of the boéy, making it
virtually impossible to depict ;h exit for solid waste. It was easier for thoge
seventh graders who depicted elimination (usually by leaving an opening at the
end of the large intesti;e) since they drew diagrams, and had ab;arently learned
that they could represent defecation in this way. At the same time, the figure
for the DPDs is much lower than for the intervigws. Whether or not embarrassment

- |

was a factor, for the third and seventh graders) is moot. As indicated previously,

f
the kindergartners showed little embarrassment about eliminzcion in the interviews;

ot
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many of the third graders were visibly embarrassed; and the language used by the
Lo é o,

seventh graders was non-specific and often vasive‘and distancing. In the D2Ds,

the only choice for the latter was to depict \t or omit it. N

»

Y .
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IV. REVIEW OF FINDINGS AND DISCUSSION -

This section reviews the findings of this study of concepts of digestion,
elimination and assimilation of food held by kindefgarteh: third grade and seventh
grade children expressed both verbally de graﬁhi?ally; cornares the results with
those of other investigators; and discusses tﬁeir implicagions and directions for
future research. The presence of age level differences in concébts of all aspects
of digestive functioning and ia the graphic.depiction'gf the digest%ye system €§~}'
noteworthy, as is the virtual absence of sex diffevences. Some age level differ-
ences were found in the explanations given, as well as in the cues and sources of
ir.formation used as the bases for explanations.y #what is, perhaps, most startiing,

however, is the variety and nature of the inaccuracies, omissions, misconc.,(tions
L4
»

and confusions held by this éan@le of middle-class subjects, as expressed both

verbally and graphically.

"The Interview %

Clear increases with age were found in information (not necessarily accurate)
abo?t digestive functioning as follows: sequence of food intake to egeétion of
waste; organs. through which the food passes; processes by which f£Qod is moved through
the gastrointestinal tract; digestive processes; awareness that food is distrib-
uted to the body; separation of nutrients frum waste and the organ in which this
takes place; and the route by which the food is transported. There aré also ige

difference:s in the reasons given for eating, and an increase, with age, in the

-~

/\
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awvareness that death results from cessation of eating. Formal education, as well

as age, is responsible ror the seventh graders' greater knowledge of fastis about

“

the c¢igestive system.

The difference between the seventh and third grade subjects is not always

as gceat as might be expected. There are four areas in which the diffefénces are

~

minor: Awareness that food is distributed to the body; that the bloudstream is

-
9

the route for distribution of digested food to the body; that death would occur as

a result of cessation of eating; and in knowledge of the numper of digestive organs

and/or parts of the body in which digestive processes take place.
J
. The explana.ions given by the subjects are often based on perceptual cues,
: s
including intra-body sensatiions. Sometimes the questions themselves stimulated

such responses, althquh they did.not require them. For example, when asked how'
they knew they were hungry, instead of citing intra-body sensations, physiological
;xplanations could have been given by sevegfh graders, but only one tried ta do
g/ Fhis. The, explanations based on perceptual cues, given at all age levels, of why

N

they thought food does not go to specific parts of the body (in itself a mis-
. K
conception), steﬁ from confusion about how the body functions.

At all ages, the children were aware that food (and/or its specific components)
was essential for life, health, strength, etc. But their esxplanations, although
increasing in specificity with age, did not usually conform to what is meant by
an explanation. The explanations given by kindergartnexrs were, in general, not

explanations at all. For example,\when asked how they knew they were growing,

the response often was, "you grow while you sleep." Even seventh graders tended

/!
to use perceptual cues in responding t> this question. Although the seventh
graders were the only ones who cited physiological facts when asked, for example,
3
how food keeps you alive, helps you grow, etc., they seldom explained the relevant
| . .
physiological processes. A few tried to zxplain the role of food in producing
OB
Q Jw
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growth in terms of xeproduction and multiplication of cells, and only one, how

food gives you energy. Here, their in%bility to undérstdpd thes; complex bio-
chemical processes is not at all surprising. The egplanations of how food makes
you grow, given by two third graders--that the food turns into blood, skin or bones,
although not Eomplete, seem advanced in view of theix age and absence of any formal
study of the digestive system.

Only two studies, those by Nagy (1952) and Gellert (1962) have investigated
children's concepts cf the digestive system.. Because their studies were more ex- !
tensive, in terms of number of'ggéi systems covered, neither included the degree
of detail of knowledge assessed in this study. As a result, our study has adéded a
considerable amount of detailed information to what Nagy and Gellert provided about
children's concepts of ghe oréans and functioning of the digestive system, as ex-
pressed both verbally and graphically. Comparison of our findiﬂgs with relevant
ones in Nagy's and Gellert's studies yields a broader view 6f age level differences
in children's concepts. It must be emphasized, powever, that comparability is
lipited for several reasons: Gellert's sample consisted of hospitalized children,
ranging in agé from 4:9 to 16:11, mostly of working-class parentage. Her results
were reported according to more gross Age groupings; she had three age groups with
a range of three; four and five years _’the youngest to‘oldest groups, respect-
,ively. Naqy's sample was very large and consisted of English, Hungarian as wel%

!

as American children. Her results are reported generally in terms of a total

national sample. f 19 E,

Géllert made age ~_evel comparisons, &nd ﬁound an increase with age with re-
i
gard to the following: mention of the stomach, esophagus and intestines;
’
digestive processes in the stomach (e.g., dissolving of food, making it smaller);

elimination of food from the body (elimination here includes both urination and

defecation); mention of f>od going to other parts of the body. In addition, only
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a few of her subjects mentioned blood vessels and that food turns into or enters
the blood. A larger percentage of our subjects than Gellert's not only mentioned
all of the above but also did so af earlier ages. Thé idea that food can turn
into something else (e.g., fat, bones, blood) was not exp;essed by Gellert's
subjecte or ours before age eight and by very few. The subjgcts in both samples
are also similar with regard to the proportion who do not mention elimination at
all or elimination by vomiting only.

Nagy's subjects also mentioned the stomach and the esophagus, and were aware
that digestion wég\;_function of the stomach and that elimination of food takes
place. Since she made no agé differentiations, her results are less relevant.

Nagy asked her American sample, "why do we eat?" She ogtained responses very
similar to ours--"to live," "to be healthy," "to build our body," "to grow," "to
prevent hunger," etc. Because of the manner in which her results are'reported,
the quantitative findings cannot be compared with those of this study. The simil-

arity in the content of responses to our sample's, howéver, is worthy of note.

some of Gellert's sample, at all ages, said that food makes them grdw.

In her analysis of thinking, Gellert found nc evidence of magical thiﬁking.
She attributed this to tﬂ; conditions and methods used in the study, which tended
to stimulate/;;;;:\\ic responses. In this study, "quasi-animistic" explanatiéns

were found mo among seventh graders than the youngsr children. Gellert also

found examples of this kind of thinking, but dismissed them because the question

»

which evokes these responses "almost required) them and because "body parts are,

in fact, alive" and, therefore, such statements 'c ot be equated with spontaneous

. . . . L1 .
verbalizations which ascribe separate souls\ or spirits™ to rion-human phenomena."

(p. 394, footnote 18) Although the question asked in this study, "How does food

Piaget uses the expression "endowed with intentions” (1967, p. 26).




stop hunger?" and "How do you know you're hungry?" might also have provoked
this kind of remark, these responses are worth noting because, even if they do
not fit the definition of animism, they are evide}xce of pre-ceusal thinking.

Gellert also found examples of what appears to be phenomenistic thinking,

S

as we 'did. she mentions that the "association of events which take place ™

*

contiguously was somet imes used to explain the function of body parts." ‘(§. 392)
Gellert gives several examples of concreta thinking; e.g., "The head contains a
camera for your eves." (p. 396) Using a rather broad interpretation of both

Piaget's (1969) and Werner's (1961) definitions of concrete thinking, se find a
. 4 7 -
number of examples at all age levels; e.g., substitutions of description of the

subject's experience for an explanation, by kindergarten subjects, explanations
’ 2

based on perceptual cues, including intra~-body sensations, at all age levels.
N v

Gellert also mentions instances of inferential thinking. We also found
inferenceg from a principle (e.qg., gravity) which AZes not apply to.physiologicalu
f;hctioning, inferences from perceptual cues, as well as occasional other inferences.

we founé no examples of hypothesizing, even when the subject was asked to
guess, and it w?glé‘have been appropriate to hypothesize. The abiiity to cite
abstract information (physiological, biological) in their explanations is the
closest the oldest subjects come to formal thinkingll

The lag in the ages at which Gellert's subjects were aware of aspects of

‘

functioning of the digestive system, as compared with those in the present study,

is probably due to one or nore of the differences between the samp;es—-healﬁh Vs, *

illness, middle-class vs. working-class background, presence or absence of specific

“educational experience. 1In addition, it may be that the children in this study

¢

It should be noted that this description of types of thinking is based on the
explanations given by.the subjects. A careful analysis of the thinking pro-
cesses underlying concepts of physiological functioning, especially with reqgard
to misconceptions, remains to be done.




received more explicit training in health education and nutrition.
. Both studies indicate that knowledge of the functioning of t.ae digestive sye<-

te% incragsgs with age. The misconceptions expressed by these two quite differ-

-
MI ent samples of children are similar, as are the types of thinking.

Having reviewed the principal findings of this phase of the study and their

relation to previous work, several questions arise:
. 3

(1) why are the seventh graders who studied the digestive system not
more outstandingly different in their knowledge of digestive
. functioning from the third graders who did not study it?
(2) wWhy is there so little understanding of how the digestive system
~ functions on the part of the seventh graders?

(3) what accounts for the paucity of magical thipking among kinder-
i gartners,. as well as for the absence of hypothesizing among
- . the seventh graders?

- h 4

(4) what factors are responsible for the misconceptions, omissions and
confusions about the digestive system at all ages? . How can these
misconceptions throw some light on thie nature of thinking about
intexnal bocy functioning? N .

(S) To what extent is the structure of the interview responsible for
the character of the responses of the subjects? .
~ - A )

(6) How do situational factors--unfamiliarity with the interviewer
as well as the school context--affect the responses of the‘subjects?

“p
The Digestive Process Drawing (DPDs) *

Age level differences were found with respect to ¢ J@ené--an increase with age
in the number of major digestive organs and body partgr d other organs anduboqy
parts related to the digestive system--as well as the xesence/absence of a
body autline.l Perhaps the mést unexpected result is that the younger subij. :ts,

especially the kindergartners, were able to draw representations-of an internal

body system--something that they had never seen, touched, or studied.

—-

Education, as well as age, is a factor in the seventh graders' drawings with
respect to content and body outline. ‘
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In contras£ to this study in which subjects were asked to do a free drawing,
both Gellert (1962) and Nagy (1953) provided body outlines and asked the subjects.
to draw a number of different digestive (and other) organs. Although‘Tait and
Ascher (1955) had sixth graders do a free drawing of the inside of the body_,‘
their comments contribute little to our understanding of theée drawings. Thus,
the cther st;xd.ies in which the subjects were asked to depi'c.t digestive organs

throw little light on our findings.
_ éfésexitation of a body out:line results, as Gellert and Nagyy have shown,
i .2 g . ’
in the .{:’ei)resehtatiér’l of the stomach usually as a roundish form within the torso,
. its location and sue‘varyn}g with circumstances, age, etc. Depiction of the .

stomach in the drawings of this sample varies because no body outline was pre-

" <&

. o f . ]
‘. sented. Thus, the subjects. themselves had the choice of whether to draw a body

N . - .
outline or to-d&rawv a diagranunatic'representation of the digestive system, and in

bosh, to depict the stomach in any way they chose.

."Most <;f the seventlr graders and almost hall the kindergartners in this study
drew dia'grannlnatic representations, .wh_ile most of the *hird graders and about half
the kindergartners drew a body outline. The usnal diagrammatic representation
of the kinderg.artners, consisting of a tube-iike figure (representing the neck
or throaé) and a more or less circular figm:e: (repzz'esenting the body/stomach),. may
be related to their observation of. the q_t_ne:éide of the body, but the circular

figure may also be related to the developmental sequence in dx:aw:i.ng.l
- 'l . ’ .

- . * Lol ki ™ . A .
Many of the kinderdartners! drawings with a body outline also include a

¢ ., Circular figuJIe as the central section. (to which head or neck, arms and legs are

;! attached) which they call the "stomach" or "tummy" when ‘asked what it is. fThese

* ’ b's

* . hd Iy} . .
representations raise questions about what ‘the werd "stomach" means to young children.

. hd Rl

e ° ’\
- - -

< 1 '_As‘_\‘descr.ib_ed by Kellogg (Gardner, 1980, p. 41). T A - . d
. \.i\r L . . . Is L ) \ .
. . < . -~ 1. 1 ,

9’; . " ) ‘

‘. N . ~ . .
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Cq

~ Where there is no body outline, it is reasonable to assume that what they \\

AN . °

! call "stomach" actually represents the stomach. whin there are bones,* Qeck,.

" heart or otﬁr//organlen it, its meanlng becomes amblguous. Is the stomach
. ., 5
equated in their mlnds with the bddy? Or is it a problem of language? &ﬂmu\

>

they draw a body outline which often looks 11ke a representation of a person,.

usually the central section is roundlsh, and head,, heck, arms or.legs may extend
. 6 . e -
from it. Since they‘usually put some representation of food in it, it loeks like
. \ . )
a representation of the stomach and alsp, possibly, as if the stomécz;is equated

4

with the whole toro. When older subjects draw the body outline, the stomach is
almost always depicted as a separate organ within the body, (See‘Table 29)
Fraiberg (1959), who asked children %o draw the 1nslde Qf their bodies during

clinical 1nteIV1ews, polnts out that the Chlld, until a surprlslngly late age,
-

even 8 or 9, imagines his hody as a hollow organ, encased in skin. It-is all

- - ..

'stomach' in’his.imagination, a big hollow tube which is filled with food and

. o [

emptied of food at other interwvals. }It is interesting to ask a 6 or 7 year old
, ? * \
to draw what he thinks he lookS like®inside and tc see the drawing of an un- .-  °
. . ‘ .
differentiated cavern into which the c¢hild may, upon reflection, insert a 'hegrtf

-

in some out-of-the-waysplace. If you ask the questlon. 'Where is the stomach?' l
. B -

the Chlld will usually p01nt to the interior of his drawing, indicating all of f‘

it. And since the child, at an early age, has discovered that'if his skin is )

scratched or cut, blcod wilf appear, he visualizes the interior of hgs body as

r ~
)

a kind of reservoir in which blood, food and- wastes are somehow contained."

(pp. 129-130) Y A
. x . . -~ o7
- [
¢ ‘. P
During the interview, we asked the subjects to show on tMemselvés where

P

~the stomach was, at the same time attempting to find out how much of thg abdomen

' . ",
) ' A

the stomach occupied. Even the Eindergartners tended to point to a localized

.2

area within the torso. ) .

e 1

é 7
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>3
) It is possible that the differences in response are a matter of _levels:

#hat is-said in the 1ntérv1ew as weli as the actual locallzatlon of the stomach

47\1n the abdgii“by polntlng, are dﬂda more consc1ous, controlled level. The _

B

° »
drawmngs.may reveal their less consciously controlled concept of the stomach,

c

whlch may be amblguous in some cases. Fraiberg's clinical interviews would

be expeﬁted to reveal a concept. the ‘source of which is, at least partly, -
\' .
fantasy-~-the kind o thing that does not usually emerge in structured intSrviews.

/ ~
On a less debatable note, some confusign may result from the language adults

.

use when talking to young children. Parents and e;en teachers of young children

tend to use language which they think likely to be more easily understood by the
s e

children, instead of more exact language. Much of whét was szid by the kinder-

9
gartners resembles what adults, ang, sometz}mes, older s:.bl:mgs, tell them, or a

Y

literal tran;latlon of what they have been told.

> -
The,presdhce or absence of a body outline, as well as the natura of the body

o .
? outllne when it 1§ drawn, ralses many interesting questions, onz of which has to

\

4

X o
do wlth tte relatlonshap between presence/absence of a body outline and age. e

.

found thd,\al} but, two seventh graders drew diagrammatic representatlons,l.
three-quartexs of the third graders drew body outllnes- and the kindergartners
are almost evenly divided in thls regard. Since age is confounded with education

at the seventh-grade level and the kindergartners are almost evenly divided with-

respect to the preSence'or absence of a body outline, no conclusions #an be drawn
» A 5

- from our findings.

Another question stemming from our findings is: Does the'presence or absence

v L

of a body outline have affective components? Although the absence of a body out-
L3 - :. .

N
-
-

4 +

~

L

In contast, all the Slxth graders (mostly male), to whom Tait and Asdher (1955)
gave the In51de-6f—the-body Test, drew hody outlihes. They were asked to draw
the inside of the body, including all the organs. Perhaps.they had not studied
the digestive system. )

Gt

,
§
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11&e in the draw;ngs qf almost all seventh gradefs may be due to good visual

N - L

memory of di&grams of the dlgestlve system Lhey had seen, it also may be. the result

,/‘ ]

of thelr ne(d to detach\ selves from the insides of“thelr bodies whlch, at thrs

e, * -

stage of deVelopmént, may be a source*of confusion and disturbance.

+ The body bbunaarj is considered a significant dimension of body image by

', 7 .
Fisher and Cleveland (1968), as ‘@ barrier to .penéetratiqn. ° Since so many third

‘.

>

. N N
graders drew a body outline, it may bg, for them, an expression of the latency ‘i//’
P ) .

. . > * * M LI .
stage,. symbolizing the covering up or repression of fantasies and feelings.
. < D ’ e L
The ‘almost even division, in’ the drawings. of kindergartners, presents a
greater problem of interpretation and one with which we cannot deal without more
R * » .

)

» .

information. It is significant, however, that a high proportion of. their drawings
\ : . -
with body outlines’ are very personalized, that is, they look very much like draw-

ings of a person, some éyen self-portraits. This suggests an inability to separate

themselves as persons‘from their concepts of the digestive éystem, and may be re-
. » k-"
lated to, stage of development. It should be emphasized that all ‘these explanations‘

are.highly speculative. Interpregatibﬁé depend very mich on the individual, hi3/her

stagg of development and perdonality gharacteristics. Both.a laéger samplle and a
considerable amount of knowledge about each iﬁdividuél Yould be necessary for
making interpretations. ‘

During the interviewPh some-subjects expressed their feelings verbally, most
often about food (likes and dislikes), learning about the \digesti\:'e system, how it

was taught,’ané which body systems they might cr might not be interested in learning
about. Occasionally st;ong feelindgs were expreséed (us;ally negative) about the
inside of the,body in general ori;bout blood. Because of the igfrequency of
verbal expression of feellng and because verbal expression gfyfeeiing was expected’

.

to be on a more conscious level than in drawings, we concentrated on the drawiné:.




Gorman {1969), in his study of the drawing of the ,brain, used a small sample

of medical experts. He gaEhered information not only about the physlclans' obe
jective ‘knowledge, but also about thelr llfe h1story and personality character-

. v
A ’ A ~

istics. Hls anaIYSls of inatcvracies and errors in the drawing of the braln, as = -

. RN -

evidence of "“fancies and fears" (p. 251\ based on his background data, although v+ *

not always conv1nc1ng, is obv1ou§1y an approprlate way of attalnlng his aim. . .

. Gorman concluded that "the concept, or the image of the brain, becomes closely
! . .

s1m11ar to the image of the persen we'are.“ (p. 251) & . ) . R .
-4 ‘ R .
Slnce we were' prlmarily 1nterested in explorlng chlldren s concepts of .the .
\ 42 .

L]

fﬁnctlonlng of tune dlgestlve system at different age levels, ’h1s me d was not
\.}n g

approprlate to this studJ. MoreQVer, we did not concern ourselves with inaccuracies
@ N
- . -

4 . o . l, t .\
in the drawing of the digestive system because we, knew that most of, our\ sample

3 - -

could not be expected to know much about it, 'and we had no way of distinguishing
. 5\ * . . . }
A% . - . .

. between lack ‘of Ehowledge and *influence of affect. We concentrated, therefdre) on

-

characteristics bf the drawings which, in most cases, had little to do with knowledge,  °

)

and were unintentional and probably iincontrollable. B . -

- -~

We conjectured that these- expressive characteristics night be cues to affect *
. T A

] I *

for a number of reasons: B . - > -
’ -]
(1) That similar characteristics in drawings of #he human fi have
T - been used to indicate presence of emotlonal problems or pafthology,

as well as-personality trends. -

.(2) In addltlon%to personallzatlop of the body outlines, these char- ' .
acterlsslcs were the,only source of ‘much of the individual
varlatlon in the drawings not assoc1ated with content.

. \ﬂ >

(3) while we found age level reIationships in other aspects of the . v
DPDs, very few of the expressive ‘characteristics ravealed any
evidence that they might be age-related This may have been due,
in part, to the small size of the sample..

(4) T%@S? these characteristics were present in the drawings of a
maJority of seventh graders and were the major source of
individualization. > y

)
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. . ” ¢
. affect, however, is only a tentative first step toward the ultimate aim~-~tqQ learn.
4 .

. level of th:LnkJ.ng with respect to them ‘

[N R . » by ’, 96
. / ~ N .
N - . * R .
. . . ‘
~ b . . »,
: . - . < - ) A .
\ D . T . > . . ° . > i
There are two major objections to the use bf such characteristics as cues to S
s . -~

‘affect. As a'result of his detailed review of ‘the research and clinical lite’r_ature,,

~
»

Harris (1963) points out that "the projective hypothesis as J'.t app.li'es to human

. -

N a 5
figure drawmgs has never been adedquitely ‘or. cons:.stently formulated, and systems

..
v ¢ <

for the evaluat:.on of’ such drawmgs have . for the most part, been exceeumgly loose.

Consequently, the assessment of draw:Lngs by. such methods very often showsfmodest
]

.
.

rel-::.a.b:.l:.ty and low valJ.dJ.ty." (p 67) : y

. - 2, N

According to Machover (1949), a strong proponent of‘_t}xe use of human figure

draw:mgs as a pro:ectn.ve techtn:.que, one cannot use md:.v:.dual character:.st-:.cs of
]

drdawings as a che’ck lJ.st, ane has to look at\the drawa.ng as a whoele, in order to

understand aspects of the personal:.ty and of the emotional problems of the drawer.
As i;ldicated previously,, the (;hara_cteristics we used as cues to afrfect wer_e

derived directly.from this sample Of d;cawings,«and‘are vez::y similar to those used ,

- *
N -

- A N ¢
by Machover. Whﬁthéﬂ or not a moere holistic approach to the DPDs is possible .

depends on further research. |, Descri.b‘ing these characteristics as possible cues to

. J .. ]
*

B * M < M . ¢
how affect influéncei concepts of internal body systems and functioning as well as /]

.
4 1 ¢

¥ "

SOme quest:.ons raised by the DPD fi mgs are: (1) what does "stomach"cqnean
/

to young ‘children? (2) Do age, stage of dev_elopment and/or educat:.on :Lnfluence

- - :

the presence/absence o° a body outline in a free draw:ing of an internal body system?

(37) How - can express:LVe charactgjcs of the draw:.ngs, sa.m:.lar to’ thosg employed

"in analyzing drawmgs of the h ‘figure, be used as cues to the presence. of

affect? / ) :




capaple%of thinking in terms of concrete objects and experiences, not in terms of

Practical Applications _' .

¥nowledge of- the concepts children already have, -as well as the dature of
R . . . . 4 -

\
\ . . /

their thin¥ing, would be useful for science teachers and those who are, responsible

- v ’
- ~

fer deyeloping curricula for the teaching of body systems and functioning to

children * The results of. this study, though not definitive because of the small

. .

Since the seventh graders are the only ones in the sample who had been taught
" 7 ~ - N N (
spécifically about the digestive system, much ‘of vhat we shall say is based on

analysis of their responses. As thevresults lhdicate, the children tend to re-

member facts, frequently-inaccurately. There is also a considenable amount of
- . .

confusion, resulting in misconceptions, of how the digestive system Qoperates. Their

.-

understanding of’ processes is limited. That they are not outstandingly different‘

>

frcm the third graders who did not study the digestive system suggests the need for\

-

different approaches to the teaching of thSIOlOglcal functioning, as well as in the

.

’

timing of different approaches to teaching it. ‘ |

~

. It may be inferred from the seventh graders' responses that, for the most 0

T

part, the emphasisdwas on learning of facts and processes, and that the primary

. G - * ”s
teaching mode was presentation o§ symbolic information--mainly language,’but also

» . . . . . !

diagrams, pictures and models. Theix\foryal instruction took place when ‘they were

<
nine- to ten-year olds, a time when thinking isg .concrete, i.e., they are only
i . )

¥

symbolic information and abstractions. , é . )

Feelings and attitudes about the -body and what happens inside it have their
o - N .
sourcés in children®s experiences and relationships over the years, from infancy

on. Thic is especially true of eating, digestive ar.d elfminative prdcesses. They

are an amalgah of all kinds of experiences related to food and eating, internal ~

boay sensgations, other people's-;especially parents'--attitudes, etc. ,That the

03 B




v . T

'se;enth draders tesponded to*tﬂe interview questions-as if the ddgestive system
:had nothing to’do with them personally--it was‘a "subject, " somethinq outside of.
‘themselves tﬁhf they had to learn about——raises questidns both‘about the reasons
}:, . for that.obje;tlflcatlon and its 1mp11cat10ns\fo; education. ‘ ‘

. when. the seventh graders were asked whether they llked learning about the-

. dlgestlve system, although more said they did then said they d1d n%t, the response

. of many was mixed or unclear. Some\seemed to have said that they liked it because .
\ ’ ¢ 4 : P ) N
Vs they felt it would be more politic. , There were, however, a few who genuinely M "

'seemed to have enjoyed it,l as well as some who displayed strong negative affect
\ N N X ' - {» ’ * \ {
with vegard to the inside of the quy, verbally or non—verba;}y. '

‘ Byler, Lewis and Totman (196§) asked 5000 ,children (kindergarten through ' ’

twelfth grade), among other things, what they would like most to learn about thelr

bodles. From the subjects' guestions and other responses, one of thelr conclusi®ns

. 1

was that, basically, children want to learn about themselves. There were also ag

- '.ylevel diffefhnces ingihe body system in which they were most interested. .Accord

. . . 2 \

5 ingly, it woeﬂd seem that the teaching of subject matter pertaining to body
' ) : . ¢ - .
functioning to eleméntary school children should be guided by the following

principles:;” . v
§ . . R
- (1) Children should be,encouraged to ask questions and talk about how
they thinkK “he body functions. In the process, ‘they will find
others have similar ideas, and the teacher will learn what
- their ideas are. ;. b 2

N

’ (2)S The content should be geared to children's interests (which have

- been shown to vary with age), and whichever aspect of body ’ ~ e
functioning.is being studied should be associated with the

children's own bodies. .-

(3) The teacher should stimulate the children to discuss thedir feel-
ings about the inside of the body, and specifically, the sy stem

? being studied. All feelings should be accepted by the teacher

as normal and used, if possible, to. help them.understand how the'

system functions. . ¢

‘s
A
’
.

(2

P

- 1 They tended to be ameng the few who were inGolved in group "pro;ects" of various
P kinds, e.g., each member of the group drew a different body system 'within a
o large cut-out outline of a body. ., .
[ERJ!: . i ) Y ’ .11)‘1 . \

v




v (4) The mode of ‘teaching should be as concrete as possiﬁle. For
\ - . example, wherever péssible, "experimgnts"’shoul be carried out v/
‘ by the children themselves (e.g., the effect of enzymes on food),

. . the dissection of animals should be part of the curricylum, or, -

, if that is not possible, the children should be shown and allowed
¢ ' to handle animal organs. Where these or other similar methods are
, impossible, analogies and metaphors should be used for illustrating

and explaining processes.l

1 ) .o "'.
Per@aps most difficult to achieve ié/;btaining expression of feelirigs about

-

the inside of the body and use of these feelings to promote learning, and also "///////
. - . S Z

the introduction of. certain concrete teaching methods. Jones (1968) provides s

Ad . ) . . . . . ° U .
-"the rationale for cultivating emotions in the schoolrooms." It is, as he points

' \ .
M 154
out, to create conditions "which invite expression of controlled emotions for the

purébse of imbuing curricular issues with personal significance. The power of
) ¢
emotion tb generate interest and involvement in subject matter which would other-

.

wise find c¢hildren uninterested and uninvolved lies in their deeb personal

familiarity-<-such familiarity being a consequence‘of'emotion having beeﬁ integral

s

.

to avery phagi\of personal develmeenL from infdancy on. The value of emotional
e - .
involvement in\the learning précess thus lies in its potential for‘aiding e

t -
.

assiﬁilag;pn of\new or remote e#periences 4n idipmétically illuminating ways:"2 (p.‘ﬁ?é)‘

P

Isaacs (1944) in discussing biological inteérests of children, includes -

ﬁarrat{ve records of children'(aged\é through 10) ‘dissecting dead rabbits, birds
- » .

and mice. In this way, they learned from observation and manipulatioﬁ\ﬁhat the

ingide of a body is like. Many of the records indicate that these chi
] 4 .
- {
spontaneously made comparisons of human and animal internal organs, thus relating
¢

ldren

what tHey had seen to themselwues. . ‘ .

¥
"

‘e

.

.
- -
as

1 Miller, both in his book, "The Body in Question" (1978) and his television pro-
gram on which "ais book was based ‘(shown on National Education® Television's Channel * .
13 in New York in 1980) used analogies and metaphor t¢ great advantage.

He describes in detail  how fifth grade children who were studying the Netsilik
Eskimos, many of whose customs were strange, upsetting and repugnant to American
children, learned to express and control "their feelings, andg, with.guidance, to
use them not only to learn about but also to understand this very different
culture, ) ' :

1035 & L
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The usé of*laboratory’methods is less debatable and, therefore, more likely to ™

-~

~

be - used, Becaue some of ‘bur sub;ects told us, we know that at least ~one teacher

used analogles to explazn digestive processes. , <
. .o . 13 !
. e 8 . .

The flndangs aLSo have 1mpllcatlons for parents, ped1atr1c1ans, and cllnlclans.

Many parents are’ unaware that what they tell their young children about what '

- .

t

happens toxthe food they eat - how it helps you grow, get stronger, etc., is often "

7 o~

given literal interpretations by the chlldren and leads to confuslon and strange . *.

®isconceptions. 1In’ addltlon,Athe-lnexact language they ‘use for parts .of the body,

e.g., tummy or stcmach for the enti¥re abdomen, is also confusing. Paediatricians Lo
. . . . \ M - , s
may. not.be aware of thé conhcepts children havé at different ages and,.as a result,

are not only nét in a.position to.give them clarification,[but also may-add to,

. . 4
their confusion. Knowledge of children's concepts may help ped;atrlc;ans undey -

3
L3

stand better how chlldren feel about ﬁhelr bodles and lnjurles‘to sgem, as well as

help tpem o explaln 1llness and med1ca1 procedu;es. Knowledge of the concepts of

, normal chlldren, at dmfferent ages, would help cllnlclans drstlngulsh between

¢ l
normal and pathological miscenceptions and. confuslons about the functionlng of - ‘
; T s, \ .
« ? . . i
internal body systems. ‘ e, e . T "
L . . R D) . ¢ ~ ~ 4
Some Suggestions for~Future Research - £ \\\ —

o .,
. . .

Thls study of concepts of d1gest1ve fundtlonlng was nndertaken‘as 2 flrst

] . >

" . step 1n a process almed at. fundung out (l):whethex'or not chlldren s 1deas about ot

‘ " . .*

the functloning of internal body systems ‘reveal different patterns of cognitive

. . . —

functioningtthaﬁ"do their concepts of exterhal phenomena and processes; and (2).

- R A I

how affect influences and 1nteracts Wlth concépts‘gf 1nternal body funcclonzng.

' = - 4

\
Both of these‘questlons are not only theoretlcally Jmportant but are also v1r—

. . r N ) .,
tually unexplored -areas of research. £

\ .
t * \
" .. . .1
' . -

M [y . ‘
. . - ~ . .

4
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: .

Although our central focus was not on the thinking that underlies the concepts

expressed by our sample, we found some evidence (the paucity of magical thinking,

the prévalence of concrete thinking and the absence of hypothesizing or speculating)

\ x . g ! )

> ‘ which,suggists that children's thinking about intermal body functioning may differ
P

" somewhat from their thinking about external phenomena, as described by Fiaget.

In order to invegfigate-this; further research is necessary which would focus

<

on the thinking processes underlying the conCepté, with particular attention to

[ misconceptions. In order to determine the nature of thinking at different stages

' of development, and whéther or not magical or hypothetical thinking are present, the
Lo N . ~

sample should cover a wider age range, adding, for example, four-year-olds, fourteen-

) |

* ,:to fifteen-year-olds ‘and adults. Comparison of, the results with those on cne or

»

.

- ' more Piagetian measures wou;é clarify ‘'similarities and differences with respect

- ' to’stages of cogn%;ive development, as well as a poésible developmental lag with

regard to hypothetical reaséoning. .

il &he frevaleqce, in our samplet of explanations BEQFd on perceptual cues
= . (both'éxternal and intra-body), :iéicatingvthe presence of concrete thinking at all
'; ' ,agé‘levels,’sugéesié the need gor investigation of concepts of o&her body systems
X . v .
- ':w@icﬁ’prOVide fewer relevant percebtuai’cues fhan the digestive sytem, and also

-
v . <

bé'the thinking underlying thesé concepts.’ Here again, the results, ‘when cogéared
e ‘giéhJEhosé on Piagetian meaé;res ﬁ;ggé provide further insight into the thinkipg-
: of children and adults. foe ' - .
"Somg of the findings suggest ;’nggd for }uéfger information.about the efﬁécts

on c¢oncepts of bod§'functioning of fotmal education in general, and, in particular,
LY ' i ‘o . 4 ‘ ~ kS . .

different methods of teaching body functioning. The responses of kindergarten
o . / . . . P
and third grade subjects suggest that it would be worthwhile to investigate the
- 4

’ £ 0 . N

- .Ainfluence of informal sources: the kinds of information and eﬁplanations g}veﬁ
.- T

- .

by'parenis) particularly those from different séciqeconomic and ethnic backgrounds;
~ i
. . F

~e
’ . . ' R -

¢ S
/ . 13 ‘ .
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¢

-~

. of food through the system.

¢

\

'sibl;ngs;'and'relevant ™ programe7 all of which may be_misleading and confusing '

at time?, particularly to young gpildren, but also informati&e, at other times,

and for older children. ‘ //
~ y s
- * ‘ : - ' &
y More research is needed on the use of free drawings of internal body systems
i &

and their functioning, because they provide another way for the subﬁects to ex-

press what they know and, we believe, how they feel, as follows: A muchvlarger . .
sample of drawlngs of subjects fxom dlversa backgrounds would make it possible to

determlne more definitively the developmental changes that take place with regard ’

to the organs and body parts included and their sequence, as well as the movement )

N

—

Studies are needed to ascertain gpether the presence or abseiice of a bod& N $
outline is related to age and/or spec{fic body system-related instruction. It - . -
onld also be important to determine whether éhe presence/absence of body outiine
reflects affective ccmponents ah'/or is related to stages of emotional development. f
; Drawings of an internal body system done by a larger sample, including v

children of different ages as well as adults, would be'useful in determining the i

presance and frequency, at’each age level, of the kinds of expressive characteristics

s

which we‘hﬁye suggested might be cues to affect. > ~
In order to determine the uée of drawings of a body system for understanding

» . A )

the influence of affect on ideas about functioning.of bedy systems, methods similar

. - )
to Gorman's (1969) would be useful. This would involve securing a sample whose -

knowledge of the functioning of a specific budy system was assured and based on

' firsthand knowledge of the inside of the body (e.g., medical students, surgeons),

so that errorg and inaccuvacies in the drawings of that body system cqould be taken

! z

as possible evidence of how affect influences intellectual functiqning. .In con-

7 .
junction with valid measures of emotional problems and personality trends,]the

£
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influence.of affect on concepts of body functioning could be inferred with greater
assurance. in addition, this method could be used for investigating the influence
of affect on concepts of a specific body system with a saﬁplé of subjects who had
just studied this body system. Whether or not these studies would be useful in

« the development of methods for investigating the influence of affect on concepts
of body functioning forﬁchildren and adult? without specialized knowledge is moot,
and some modifications would undoubtedly/ée necessary.

Comparison of each subject's depiction of an internal body system with his/her
drawing of.a person, with respect to (i) the similarities and Aissimilarities of
the érawings as a whole; (2) formal characteristics of both drawings (e.g.:‘position
on the page, size); and (3) those characteristics present in both draﬁings which
have been'used for determining personality trends and emotional proﬁléms f;Pm the
drawings of a person. These, when used in connection with background knowledge
from other sources, of personality trends, problems, as well as verbal expressions
of feelings abo;t the inside of the body and the specific internal body systgm
under investigation, is another possible method for clarifying how feelings in-
fluence concepts of body functioning.‘

The overriding methodological problem in studies of this sort has to do with
How best to stimulate children and adults to tell you what their real concepts are,
‘especially if they think that their ideas are strange or idiosyncratic. fThis
applies more to older|children who have studied the body system in question, and
adglts, who may be as;amed of hot knowing and/or whose ideas do not come to

consciousaess in a formal interview, than to younger ones, who think they know.

The major questions raised by this study concern: (1) How structured should the

interview be? (2) Can the interview take place outside of the school under
circumstdnces that allow the child to feel more relaxed? (3) Since most.older
children and adults are unlikely to reveal their fantasies about the workings of

the body for someone whom they are meeéing for the first time, what sort of design

O is most likely to overcome the barrier?

.

1nn
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APPENDIX A ! P

- The Digestive System Interview

For Kindergarten Subjects

First, I'm going to’ ask yo1 some questions about eating. and what' happ.gs

i
L]

to the food you eat. . s ) .
. ¥

You may know the answers to some questions and you may not know the answers
e o }
to the others. But I'm interested in whatever you have to say--even when you're

J . .
only guessing. )

For Third and Seventh Grade Subjects

I'd like to ask you some questions. You may know a lot about some of then?

and you may not know much about cthers. Other people--including grownups--may
. . £

not know much about some of them either. I'm 1nterested in your ideas and thoughts

even if you think you don't know how to answer these questions. _‘

>

I am the only person who will know what you've said. NeitRer your teécher
' »
nor your parents will be told anything about it. So think of what {bu're about

to do as a kind of game. . -

First, I'm-going to ask you some questions about eating aﬁd what happens to

the food you eat. \kw >

LS




Wice

- . ’ APPENDIX B c

WPPSI Vocabulary Test*

. .For Kindergarten Subjects / .

I want to see how many words you know. Listen carefully and tell me what

these words mean. SHOE.....WHAT IS A SHOE?

w

For each word,, investigator sdys: WHAT IS A 2 Or, WHAY DOES

-~

MEAN?

TELL ME MORE

¥

> ’ . .
If the child's response is not clear, invqstigator says:

N

ABOUT IT, or repeats the question and emphasizes ‘the worzd.

For homonyns, investigator asks: WHAT ELSE DOES MEAN? '

- 57 WISC Vocabulary Test

. For Third and Seventh Grade Subjects
I am.going to say some words. Listen carefully and tell me what each yord

means. {

If child points, investigator says: TELL ME IN WORDS WHAT ‘A Is.

For homonyns, investigator asks: WHAT ELSE DOES MEAN?

If child hears a word incorrectly, investigator says: LISTEN CAREFULLY,

-

WHAT DOES MEAN? \ .

1
If not sure whether child understands aning of word, investﬂgator says:

EXPLAIN WHAT YOU MEAN or TELL ME MORE ABOUT IT.

Q ’ o ) 1.153
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, ] APPENDIX C

. . ‘Q
Digestive Process|Drawing (DPD)

s For Kinder rten, Third-Grade and Seventh Grade Subjet{s
% :

. ¢
4

Remember you told-me before about what hippens to the food you eat. Now .

’

I'd like you' to draw a picture of wh-a_t happens to the food in your body.
N € . p
Show where the food goes, how it moves, what it looks like, and any changes

' - *
in it. . . ’ < i




Aruitoxt provided by Eic:

- APPENDIX D ’ o)
L » \
. . \
- . ¢ -~ ’ -
» \ b
CT Drawing of a Person ~, ! ;
. ® " M A - §
. / * [ 4

. 1] . A ’;
For Kindergarten; Third Grade and Sevénth Grade Subjects

.
A

Be sure to make the whole person, not just the head and shoulders.

A
[y

;-
.
. .
<
.
' v
.
~ L3
< #
.
.
-
.
-~ hd . hd . .
v
v . "~ °
’1
Y ;
P .
.
e
/ . 3
. .
.
. o . ‘ .
]
,
; .
Es
r'Y »
[
. .
) .
A & r
.
*
.
. -~
] 1 ¢ . ‘
.
. . A
- P »
. -
. ‘ '
) :
o 1]

Here's a pencil and paper. would you draw a pictuxje of a person for me?.

.
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APPENDIX E , ) )

\ ..
DIGESTIVE SYSTEM INTERVIEW
P ~.

Y .
THIRD GRADE* ) ‘

i

y

( Now 1'm Qoing to ask you some questions about eating and how your digestivelj
system works. . . -

) 1. WHAT IS YOUR FAVORITE FOOD?

. What do you like to eat more than anything else? -
. .

What other kinds of food do you like?

~

~~
2. WHAT KINDS OF FOOD DON'T YOU LIKE?
Why?
Q9 you eat them anyway? / :
(If "g¢es" for any) why? ' .
" g " : N} ) \
(If "good for you") Why do you think it's good for you?

What does "good for you" mean?

3. WHEN YOU PUT {NAME OF FOOD). IN YOUR MOUTH, WHAT DC YOU DO? .

~

. (If no answer) Pretend you have . ¢ in your mouth, yhat do you do?

~

(For bite, chew, swallow) Why do‘you do‘;Pat?

“, (If answer) How does it do that? »

“

How do you know that?

Does anything elsé.happép to the food in your mouth?

\

(For each thing mentioned) How does it do that? or What«Q;es that?

(If swallow not mentioned) what bappehs the Where does the food go?
4. AFTER YOU SWALLOW THE (FOOb), WHAT HAPPENS TO IT? TELL ME EVERYTHING YOU
KNOW ABOUT WHERE IT GOES AND WHAT HAPPENS TO IT.

(Wwhen S ‘finishes, go back and ask the follow~up questions, where'neceésary.)‘

" For every part the child mentions, ask the following questions, if necessary:

How does it get there? or What makes it move?

How do you know that? or Do you have any way of knowing that?

®
Show me on you where it is. )
; ' iy . .
Does anything nhappen to the food there? What?
. 118

Q * . .
[ERJ!:‘ The interview schedule for third graders, although not exactly the same, is
oo representative ,of those for kindergarten and séventh grade sukjects.




£ (Iﬁ no) Ever? (If né) How about iflyou've eéteh too much or too fast?
¢ 1" Wher® does it go after that? _ .
‘&F ELI%}NATION NOT ME&TIONED
§ 5. DOES _Ai.L THE FuOD STAY IN .YOUR BODY? ’
‘ .@. (If yes) _Where does it stay? ¢ .
’ (If answer) How do you know "that? . ’ . -
\ . :
\ ; What is it %ike'when tt's in;your : ? \
.When itfs in your , can you see it? )
(1f j;res)' What does it look I‘-i'ke? N . .
- <\
(If child mentions™®nly one or two places) Can it go anywhere else?,
(If yes) where? _ ' . ‘ :
’ What does it look like? ] ) . : ‘
(If no Ather places) Why not? ~ , '
. (1f answgrf\¥ﬁow do you know that? ,
) - Wh;t happens if you eat more -food? < :
b. (I;:all the food does not stay in body) Where does it go? Ho;?
" How do you know that?
o1 ’
. . - Does all the food you eat go out?
! IF ELIMINATION MENTIbNED, BUT NOTHING' ABOUT FOOD GOING TO OTHER PARTS OF BOE!
5. DOES ALL THE FOOD YOU FAT GO OUT?
-,
a. (If no) What happéps to the rest'of it? '
—
\*k Where does it go?

i1

~ what dq you think the food i%& like when it is in the

(den;ity,lbolor)?

o

How do you know that? : \
. . *
\

Can you feel the food when it's in your ? R o . e

((f yes)> How does it feel?

b. (If food goes to other parts of body) How do you know that?
| .
«When it's in your ; Gan you see it?

(If yes) What does it look like? .
P

. ’ 117




(If child mentions only one or two places) Can it go

‘?J -

anywhere else?

- (If yes) Where? . ) .
~N-
What does it look like? to
. (If no other places) ‘Wzy not?
; .. ' How do youy know that?
Y .
6. WHY DO YOU EAT? .
(If for strength) What is "strong"?
S How does food make fou stréng?
) (If to live) What is "alive"? - . \ ,
How does food ;eep you aliée? ’ '
: How do y;u know that?
(If for gréwth) Hpw’'do you know you:re growings )
(If for hunger) How d9 you kﬁow you're huﬁgry?
How does.it feel? '
. . yhere?' Show me‘on you. )
7. HOW DOES THE FOOD GET TO *(WHEREVER THE CHILD SAYS IT GOES) TO HEiP YQU GET
STRONG, STAY ALIVE, GROW, STOP BEING HUNGRY, ETC.?
H;w do you know tﬁat? s ’ ‘ .
8. WHAT WOULD HAPPEN IF YOU §;OPPED EATING?
(?f child says die) What happens when you die? ﬂ
What does it mean--to die?
What else?
4 Have you ever seen a dead animal or bird? .
(If yes) What was iEJlike? R .
(If meager response) What can a live do o
" that a dead one can't?
/ . ,




e . . ) - 4 - . ]
/ . . ) ) .
9. YOU'VE TOLD ME A LOT ABOUT WHAT HAPPENS TO FOOD IN YOI:JR BODY. HOW DID
YOU LEARN ABOUT THESE THINGS? )
» / .
Did your mother or father tell vou about any of the things you've been
talking about?

(If yes) what?
{If n0) Did anybody else? ' whe? What?
Have you seen any. TV programs'about' what ‘happens to food in the body?

(If yes) Tell me about it. What did you see?

-

. ) Did you like locking at it?

(If' yes) Why? Wwhat?

< v ¢ 8

(If no) why? what? )

Have 'you looked at any books or pictures showing what happens to foo
} in the body? .

(If yes) Tell me about it. Wwhat did you see (reaé)?
Did you like looking at it? \
(If yes) why? what?

i o
(If no) Why? What?

For Third and Seventh Grade Subjects Only \ )

-

10. DO THEY TEACH YOU ANYTHING ABOUT THESE THINGS IN .SCHOOL?

o e (1f yes) 1In what grade (or, how eld) ‘were you then?

. Did you like learning about your body and"-how it works? N )
(If yes) what did you like?
\If ne)  what did you dislike?

4

"-What would you have liked to learn about that.you didn't?

11l. WOULD YOU LIKE TO KNOW MORE ABOUT WHAT HAPPENS TO FOOD IN YOUR BODY?

(If yes) what?

(If no) Why not?

-

Is there anything else about your body that you'd like to know?




CAN YOU REMENBER. WHAT ‘YOU. THOUGH'I‘ HAPPENED TO FOOD IN YOIJR BODY WHEN
YOU WERE' YOUNGER? ' -

® ‘ -

-~ .
N 'R -

*(a answer) How old were you then?.

/

1S THERE AN;THING ELSE YOU'D LIKE TO TELL ME ABOUT? ' -

Is there\anything you forgot to tell me? Anythmg else that you
know or think about--or that worxries you about food and what happens ‘\_
+ to it in your body. ) X . . '
/

4




